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MAYFLIES OP PUEETO EICO 
Jay R. Traver 

Tlie iiiajdiy fauna of this island has not been studied, up to the 
present time. There seem to he but two references to a speciiiien of 
this order from Puerto Rico, in the piiblj4ied literature* of the group. 
The first of these may he found in Dr. Hagen’s Syno-psis, (9) pg. 54, 
under Cloe unicolor Hagen: have seen a female specimen from 

Puerto Rico, similar to this, with the thorax fuivo-aeneous : is it a 
different species!” The second reference occurs in Kolbe’s (13) 
Die geographisclie Verhreitung der NeMropteren wnd Fsendoneiirop- 
teren der AntUlen^ pg. 172: Ejjhemerida, Yon dieser Abtlieiliing 

liegt niir ein verdorbenes Exemplar vor, Avelches vielleieht eine 
Spezies von Oalibaetis ist.” 

During the sprin.g of 1935, Prof. James G. Needham of Cornell 
Uiiiversily, and Dean Gareia-Diaz of the University of Puerto Rico, 
collected many mayfly nymphs and images on the island. Later, in. 
the summer of 1935, Dean Garcia-Diaz made many further collections 
and reared man}^ specimens from nymphs. ' As a result of this work, 
twenty species of mayflies, representing six , ge,nera in three sub- 
families, have been found to inhabit Puerto Rico. An account, of 
these twenty species is herewith .presented; three new genera and 
nine new species are described, along wdth keys for the determination 
of.'imagos and' iiymphs, .and. notes on several unnamed species.,,. The 
designation of ■ the wing 'veins is that of T,inyard, 1923 .,(18) ■ 
Needham., Traver, Hsu, 1935. -( 17 ). ■ 

SUBFAMILY liEFTOPHUEBIINAE 

Tavo new genera of this snbfamiiy are considered to be present 
in the material from Puerto Rico, eaeli represented by two or more 
species. Both genera are allied to Hagenuliis,— one of these mayy 
in fact, be the true Hagenulus. Since, how’ever, the nymph of Ilagc- 
nuliis is not known, and males of the Antillean species (including 
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the type species) are iinkiiown or known incompietely, it is consid- 
ered better to discuss the two Puerto Rican genera iiiicler ne-w generic 
names. 

Disetission of the gemis Hagemdus and allied forms 

The genus Hageiiuliis Eaton (1882) (4), type caligatus Min., iTom 
Cuba, was described from female] images and a male siibimago. 
Genitalia of the male, and wings (presumably of female) are figured, 
in the Revisioiial Monograph (5). Wings of the female have dis- 
tiiietly margined cross veins; outer fork of radial sector normal,— 
i, e., with no tendency to sag to’ward the rear margin; penes of 
male are straight, rod-like, striietiires, divided near the base, wholly 
without spines or bristles. A note following the original description 
states that four male imagos, ‘^of, perhaps, another species dif- 
fering from the male subimago oi caligat-us in numbers of cross veins 
ill costal space, are present in the Hagen collection, from Cuba. 
These inales have spotless wings. In the Revisioiial Monograph, it 
is stated that these specimens are females. Hr. Banks (1) says that 
these four specimens are inales, and thinks they may be caMgatus. 
Another Antillean species of this genus, II. eatoni Bks. (1), from 
Haiti, is known from females only. In these, the fore ivings are 
similar to those of oaligaPus Etn., but the hind wing differs some- 
what in shape. Three other species have been described in Ha- 
geiiiiliis : monstratus Etn., (8) from Bermuda; scotti Min., (7)' from 
Seychelles; and' tiirhinatus Ulm.,^ (22)^ from East Africa. Hind 
wings are figured for two of these species, ^ genitalia for one of them. 
In two of , these {scotfi Etn. and tierhinatus Ulin.) the wings of both 
sexes are wholly lacking i,n darkened cross veins, but in momtratus 
Etn., dark-margined veins are present in both male and female. The 
hind wings are not typical of Hagenultis as represented by coUgatus^ 
■in the two species figured. Nymphs of all live of these species are 
iiiilmowii. 

Peculiar Leptophlebiiiie , njmiphs .taken in Cuba (0. P, Baker, 
J. G, Needham) were described by. Mrs. Emily R. Morrison (15) 
as Hagemiliis. Cross veins in wing-pads .of female nymphs, are dark- 
margined; those of the males have a few spots only. The hind 
wing somewhat resembles Hagenulus. Moiithparts of the nymphs 
are peculiar, in that the lahrum is much wider than the head. Gills 
filamentous, each pair bifurcate, the divisions unequal in size. Ge- 
nitalia removed from a mature male nymph are seen to possess 
distinct inwardly-directed spines on the penes, much as in Neoha- 
geniilus. Are these the nymphs of the genus Hagenulus? If so, 
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the presence of spines on the penes must be a specific charaeter» 
Wing-pads of female nymphs are normal as to the outer fork of 
the radial sector; in the males, however, there is a- slight rearward 
sag in this fork. Other n^onphs, taken in Jamaica by Prof.^^B. L. 
Palmer of Cornell University, resemble those ■ of Ueohagennlns' in 
month-parts and structure of gills. The mng-pads of the females 
are dark-spotted, those of the males are spotless. Outer fork of 
radial sector normal in females, slightly sagged in males. 

Nymphs of the tAvo Puerto Eiean genera have been reared, and 
both sexes are represented. Until Hagmulus caligatus Etn. has been 
reared from iiAmiphs, and males and females correctly associated, 
so that the type of the genus may be fully known in its several 
stages, the Puerto Eican forms are held under the names Neoha- 
geniilns and Borinqiiena {new generic^ names ) . The differences in 
the gills of the nymphs seem to indicate clearly that two genera are 
involved. 

Under the genus Borinqneiia are placed two species, apparently 
rather closely allied except in the form of the hind wing. In B. eon- 
tradieens n. sp., the hind wing is like that of Hagemilm eaUgatus^ 
hilt genitalia resemble B, carmencUa n. sp., the genotype. Thus B, 
contradicens has characters of Borinqiiena and also of Hageiiuius. 
It is tentatively placed in Borinqnena, because of the type of the 
male genitalia and the gills of the nymph. By striictiire of hind 
Aving and presence of ovipositor in the female, it AA^ould fall into 
Hageniiliis. Gills of nymph filamentous, single, in both species. In 
fore Aviiig of male as well as of female, the outer fork is distinctly 
sagged to rearAAmrd. No dark-margined cross A^eins, in either sex. 

The three species placed in Neohagenulus resemble one another 
quite closely- Gills of n^^nnphs filamentous, bifurcate,, the two parts 
of each unequal in size and length. Genitalia someAvliat as figured 
by Baton for S'. caUgaMis, but Avith distinct spines on the penes. 

: Hind Aviiig reduced in size, but 'not quite like that " oi S.,mligaius,\ 
No true ovipositor present, in female.. Outer .fork of. radial; sector 
in Aving of male distinctly sagged, almost normal in female. No 
dark-margined cross veins, in either sex. 

ADULTS 

1. Gross veins of fore wing of female dark-margined; no spine-like processes 
on penes, wliieh are slender and rod-like ; long ovipositor -giesmt^-Hagemilm 

Gross veins in fore wing of both sexes witbout dark margins; a pair of 
short, spine-like, processes present on penes; ovipositor present or ab- 
, . :Sent— — ^ — 


2 
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2. Outer fork of radial sector in fore wing distinctly sagged to rearward, in 
both sexes; female with very long ovipositor; long joint of forceps of 


male almost straight ,^'Bormqmnu 

Outer fork of radial sector in fore wing almost normal in female, distinctly 
sagged in male; no true ovipositor present; long joint of forceps of 
male strongly ho’wed ^ — Neohagenulus 

nymphs 

1. Gills single, each a slender filament Borinqmna 

Gills double, filaments of each pair unequal 2 

2. Labrum greatly extended laterally, being, wider than head; outer margin 

of mandible angulate at poster o-lateral angle f (Cuba) 

Labrum only slightly wider than clypeus, about one-half the width of the 
head ; outer margin of mandible rounded, convex 3 

3. Wing-pads of female nymph dark- spotted Jamaican species 

Wing-pads of I5bth sexes with ‘■'ao dark spots Neoha genulus 


Genus Meohagemilus gen. nov. 

Small dark-colored mayflies. Eyes of male ver>^ large, contiguous apically, 
almost concealing the pronotum. Median ocellus much smaller than the laterals. 
Posterior margin of head of female slightly emarginate. Posterior margin of 
pronotum excavated in median area. Fore leg of male slightly shorter than the 
body. Femur slightly more than half as long as tibia; tarsus about % the 
length of the tibia. Basal fore tarsal joint very short; 2nd joint longest, 
other joints progressively shorter, the fourth about % the length of the 2nd. 
Fore femur of female % as long as tibia; tarsus about % the length of the 
tibia; distal tarsal joint the longest. In hind leg of both sexes, the four basal 
tarsal joints are siibequal ; distal joint about as long as any two of th© pre- 
ceding; in male, somewhat longer than in female. Claws dissimilar on aU 
tarsi. 

Fore wing as shown in figure 1. Basal cross veins of costal and subcostal 
spaces faint; stigmatie cross veins 'well developed, somewhat aslant. Outer fork 
of raclial ' sector in fore wing of male .distinctly sagged to rearward (less dis- 
tinctly' so in female) . Cubital intercalary and first anal veins united at base, 
Hi.nd wing nmeh reduced in size (fig. 11); drawn out into a sharp point at 
apex, but this point not bent over. Two ■vvell-cleveloped longitudinal veins in 
wing of male, three in female; behind these, two or three others, faint and 
incomplete. Several faint cross veins; one at apex ivell developed. 

Forceps three- jointed; long basal joint swollen in proximal half, Forceps 
base entire. Penes somewhat rod-like; each bears a forward-projecting spine, 
about % of the distance from the apex (fig. 3). Apical margin of subanal 
plate of female with a deep V-shaped cleft. A short egg valve, not a true ovi- 
positor, is borne on the seventh stemite, as shown in figure 7, 

Body form of nymph reminiscent of Choroterpes, and very similar to that 
of Borinqueiia. Mouthparts as in Borinquena, except that distal joint of labial 
palp is shorter (figs. 48, 49). Bather long spines on posterior margins of £e- 
^ mora ; numerous spines on hind tibia, rather generally distributed (figs. 14, 
16). Claws pectinate (fig. 46). Short postero-lateral spines on abdominal seg- 
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inents 3-9 ; veij short on 3-6, longest on 0. Gills double, filamentous ; the 
inner member of each pair is more slender and slightly shorter than the onter 
one. Each filament contains a single main trachea, often with minnte, lateral, 
branches (fig. 18). Tails three, considerably longer than the body; middle 
tail longer and slightly stouter than the laterals. 

Genotype — Neohagfeniiliis jiilio >sp. iiov. 

Key to Species op Neohagenulits 
ADULTS 

1. Wings of both sexes distinctly brown-tinged throughout; cross veins pro- 

minent . tinctm 

Wings not distinctly brown-tinged tlixoiighout; cross veins less prominent, 
except along costal margin ^ 2 

2. Longitudinal veins in wing of male yellowish along costal margin, else- 

where paler; costal band in wing of female rather dark red-brown luteolus 

Longitudinal veins, also cross veins of costal area and apical third of 
wing, brown; costal band in wing of female pale brown, usually paler 
toward apex ^ julio 

NYMPHS 

1. Pale areas on head between eyes and ocelli distinctly divided by a greyish 

black line; spines on fore femur and on hind tibia relatively short (see 

figs. 15, 17) , luteolus 

Pale areas on head between eyes and ocelli not divided by a dark line; 
spines on fore femur and hind tibia longer (see figs. 14, 16) 2 

2. Second joint of antenna pale; ventral markings, when present, usually 

confined to lateral part of posterior margins of steniites 3 

Second joint of antenna blackish, at least in apical half; ventral markings 
more extensive--- — — 4 

3. Ventral markings, usually absent ; abdominal tergites . of female largely 

yellowish . — sp. No. ^ 

Ventral markings iisually present; abdominal tergites of female largely..,, 
reddish brown — ' — _ — _ — . — JuUo 

4. Body (feinale) 7 to 8 nmi. in length— — — — — — — sp. No. 1 

Body .(female) 6-6% mm. in length- — — , — tinetm 

Heohagenulus julio sp. nov.. , 

A .dark brown species, having middle and , -hind legs, pale; entire ■. wing ii.oi 
distinctly brown-tinged. 

Male imago.- — Body 5-6 mm.; wing 5%— 6 mm. 

Head dark red-brown, (see fig. 21, lateral aspect). Lateral ocelli pearly 
white, deep red-browm at base. Black, transverse, line along frontal margin; 
black markings around bases of antennae, between antennae and eyes, on frontal 
Carina and below^ ant eimae. Upper portion of compound eyes deep red-brown, 
lower portion blaekish. Thorax dark red-brown; mesonotum and sternum some- 
what brighter than pleura and pronotum. Pronotum dark-margined; postero- 
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lateral angle with heavy black shading; a longitudinal^ black, streak, on each 
side between median line and lateral margin. Atesonotal seutel linn blackish ; 
transverse sutures pale reddish, likewise median area directly anterior to scntel- 
lum; median area of anterior and middle portion intermediate in color between 
sutnres and remainder of segment. Anterior to wing roots, a wide, whitish, 
streak margined with black; below wings, another whitish area with dark mar- 
gins below and to rearward. Dark streaks above coxae on each side. Eore 
femur reddish brown; black at apex, deep red -brown median streak, black line 
along each margin. Tibia yellowish, tinged with reddish brown; deep smoky 
pre-apical area; lower margin blackish. Tarsus pale smoky. Middle and hind 
legs yellownsh; black, apical, band on each femur; dark line along margin of 
each tibia; ai>ieal margin of tibiae tinged with pale smoky. Wings hyaline; 
very faint brownish tinge along costal margin. Venation deep red-brown. 6 or 
7 strong stigmatlc c^ross veins, distinctly aslant; other costal cross veins weak. 
All veins and cross veins in apical angle of wing heavier than elsewhere. Oosta, 
subcosta and radius margined v^th dark brown at base; brown shading around 
bases of other iiiain veins. Hind wing outlined in dark brown. Basal portion 
of costal margin and of the two main longitudinal veins dark brown. Wings 
as in figures 1 and 11. 

Abdomen blackish brown dorsally, somewhat paler ventrally. Posterior mar- 
gins of ail segments narrowdy black. A hyaline whitish dorsal patch on each 
of terg'ites 3-S, larger on apical than on basal segments; traces of a black, 
median, geminate, line on each pale area. A black, longitudinal, streak, usually 
interrupted, lies halfway bet^veen median line and lateral margin; laterad of 
this, another small, hyaline, whitish, spot, near anterior margin in basal tergites, 
but lengthened into a pale streak on tergites 6-8; on 8, this streak and the 
pale, dorsal, patch are confluent posteriorly. Tergites 9 and 10 red-brown like 
thorax. Hyaline areas on sternites next to pleural fold in antero-lateral angle, 
and along anterior margins. From the latter area short, irregular, pale, trian- 
gles may extend baekivard into the darker portions of the sternites ; anterior 
half of •median line likewise hyaline. Forceps base, penes, and basal joint of 
forceps reddish brown; distal portion of forceps pale (fig. 3). Basal forceps 
joint widened at base, suddenly narrowed and bowed near the middle of its 
■ length, much as in Choroterpes. Genitalia as in figure 3. A long, slender, 
spine seems to be present on inner margin of penes (fig. 44). Tails pale, the 
segments irregularly tinged with smoky; joinings purplish black, alternately 
wide"a.nd narrow. ' 

Female imago. — Body 5-5% mm.; wing 5-6 mm. 

Head very light reddish brown. Dark markings as in male; also a wide, 
biack, band across head between ocelli, another back of ocelli along posterior 
margin; usually two small, pale, snbmedian, spots on posterior margin. Basal 
joints of antennae smoky, Pronotum coneolorous with head; wide, black, mar- 
gins, and a triangular black mark on each side of median line. Mesonotum. 
darker red-browm; scutellum and median line directly anterior to it, blackish. 
Pleura and steiminn largely yellow, the former tinged with red-hrown, and marked 
with black as in male. Legs much as in male; a longitudinal, black, hair-line 
on each, from coxa to tip of femur. Entire costal space in fore wing very 
light red -brown, hyaline; wing may be slightly tinged with brown elsewhere. 
Outer fork of radial sector much less distinctly sagged than that of male ; vena- 
tion deeper in color and more conspicuous. Abdominal tergites with essentially 
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tlie same coloring- and pattern as in male, but pale areas more or less com- 
pletely suffused with reddish brown. Usually a pale, lateral, triangle, a nar- 
row, median, line margined with black, and two small, snbmedian, marks on 
the anterior margins remain, in tergites 1-7. Pale areas more extensive on 
tergites 8~10. Sternites yellowish; posterior margins of all very narrowly dark- 
ened, that of sternite 1 most prominent. Sternites 2-7 marked as follows. 

Bark mark or streak in postero-lateral angle; dark line extends laterad of this 
toward median area, where it is conjoined to the posterior end of a dark sub- 
median cuiwed mark: ( ). Sternite 8 with dark shading around maTgiii of 

the egg valve. Sternite 9 unmarked. Tails pale brownish; joinings as in male, 

Nymph — Head reddish brown; small pale areas before median ocellus and 
at bases of antennae; a large, pale, area on each side, between eye and lateral 
ocellus. Vertex and occiput heavily shaded with blackish, leaving four pale, 
sub-median, spots, those nearer the posterior margin being larger. Antennae 
w^holly pale. Pronotnm yellowish; lateral margins and antero-Iateral angles 
blackish. A trident-shaped, blackish, marking in median area, points of trident 
directed laterad and caudad. Mesonotnm yellowish, shaded with black in antero- 
lateral area and above wing roots. Sternum yellowish. Legs yellow. Femora 
may be tinged with red-brown; narrow black line at apex of each, and black, 
longitudinal, hair-line basally on inner surface. Basal fourth of fore femur 
pale. Basal abdominal tergites of female nymph largely blackish brown; lateral 
margins yellowish, occasionally also the anterior portion of median line, and 
narrow, lateral, streaks. Tegrites 4-7 blackish brown, but with more extensive 
pale markings, located thus: median line (except at posterior margin) and 
areas on each side of it at anterior margin; oblique, lateral, streaks halfway 
from median line to pleural fold. Tergites 8-10 largely yellowish; posterior 
margin brown, likewise a wide, lateral, streak next to pale, outer, margin, and 
short, snbmedian, dashes at anterior margin. Posterior margins of all tergites 
darker. Male nymph has more extensive pale, median, areas on each tergite. 
Sternites yellowish, sometimes with faint red-browm tinge, most noticeable in 
male. Posterior margins narrowly darkened, in median area, but with wider 
and darker mark near lateral margin. G-ills greyish, or with yellowish ting©; 
trachea and its nimiite branches black. Tails yellow; joinings opaque in young 
nymphs, red-brown in mature specimens. Tails of a partly-grown nymph are 
more than twice the length of the body, median tail longer than the laterals. 

' Tliere: seem to be no straetural' differences between tliis species 
and timtus, ^0 that it., is difficult to distinguish the species rep- 
resented, .from the nymph slough. The slightly, larger .'^ske „ and 
darker ventral markings of the- nymph' which is here - treated ; as 
' Unetus, plus the darkened, .second antennal joint, .serve -to distinguish 
the nymphs of U'7icf iis &iid julio. Because of the size and' 'ventral 
markings, it seems probable that the two species of nymphs treated 
'"mfin'Ctus md jnlio have been correetly 

Ilolotype — Male imago. Rio Cidra, Adjnntas, P. E., Meh. 24, 
1935 (J.' G. Needham, J. Gareia-Diaz). No. 1398,1 in Cornell Uni- 
versity collection. 
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AllotvVpe — Female imago. Yimez River, P. R., June 21, 1935. 
No. 1398.2 in Cornell collection. 

Paratypes— 36 male ‘ images, 3 female images; Eio Cidra, Ad- 
juntas,' P. R., Meh. 24, 1935 ; Lnquillo Mts., P. R., Pel). 18, and 
June 9-14, 1935; Yiinez River, P. R., June 21-22, 1935 (J. G. Need- 
liam, J. Gareia-Diaz) . Nos. 1398 . 3-41 in Cornell collection. Of 
these, four were reared from nymphs. 

Other speeiiiiens of images were taken from the following local- 
ities, during 1935, by Dean Garcia-Diaz, Lares, Guajataca Creek, 
Mcli. ' 23 ; Liiqiiillo Mis., June 7-14; Hicaeo River, Meh. 7; Yunez 
River, June 21-22, and Aug. 12-15; El Ynnque Trail, June 12, and 
July 27 ; Trout Creek No. 1, June 9 ; and La Mina Recreational 
Area, July 14. _ Nymplis were ollected at Maricao, Mcli. 23 ; Guay- 
iiabo Elver, Feb. 21; Hicaeo River, Rio Blanco, Meh. 7; Tront^s 
Creek No. 1, June 9 ; Tallaboa Alta River, Feb. 25; Yunez River, 
Feb. 27 ; and El Yiiiique, Liiquillo Mts., Feb. 18 and June 9. 

Meohagenulns tinctns, sp. nov. 

Bistiiiguislied from Y. juUo by the distinetly brown-tinged wings and more 
prominent cross veins. 

Male imago. — Body 5-6 mm. ; wing 5%-6 mm. 

Head dark red-brown; black markings on frontal margin, at bases of an- 
tennae, and around ocelli. Upper part of eyes red-brown (in some of the 
paratyi^es, dark purplish brown). Ocelli milky white. Basal joint of antenna 
blackish at apex. Thorax dark red-brown. Pronotum, mesonotal sciitellimi, and 
pleura heavily shaded with black. A paler area anterior to wing roots, en- 
closed by black shading. Legs as in N', jtiUo; how’ever, the dark, apical band 
on each femur is iiarrow^er, less eonspienolis. Fore wings distinctly, hind wings 
faintly, bfown-tiiigerl throughout; color slightly deeper in apical third of fore 
wing. All veins red-brown; those in costal margin of fore wing (costal, sub- 
costal and next succeeding space) somewhat thickened. 8 to 9 stigmatic cross 
veins, very prominent, somewhat aslant; this area most deeply stained with 
brown. In holotype and most of the paratypes, all cross veins in fore wing 
distinct (m julio^ those back of radial sector usually invisible). 

Abdomen as in N. juUo, In holotype, entire abdomen rather paler, dark 
bands on posterior margins of segments slightly wider; several of the para- 
types are as dark as iulio, the posterior bands wider. Tails and genitalia 
as in jiilio' (in both species, slight variations occur in shape of penes). 

No apparent structural differences between tliis species and ' A. 
jidio have been noted, either in the imago or the nymph. Thus, 
timivFt might be treated as a dark form of j'udio. The two species 
may bear iniieli the same relation to one another as do Blmturus on- 
pidus and Blast urus nelmlosti-^s, among the Nearctic members of this 
.subfamily.' • ■ 
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Female imago. — Body mm.; wing mm. 

Very similar to A^. juUo. Wings distinctly brown tinged; costal band on 
fore wing red-brown, darker than in juUo; cross veins somewhat more pro- 
minent. Abdominal tergites reddish brown rather than the blackish brown of 
juUo. Thus, in the female of juHo, thorax and abdomen are dissimilar in color, 
wFile in tiiictus these areas are essentially similar. Apical tergites relatively 
lighter in color than in jidio, in allotype and some of the paratypes. xlbdominal 
sternites suffused with reddish brown, paler than tergites, but distinctly more 
reddish than same region in jnlio^ thus showing less contrast betw-een dorsum 
and venter. Dark markings of venter usually confined to the narrow, dark, 
posterior, margin of each sternite. 

Nymph — Very similar to that of Ah julio, with these differences. Second 
joint of antenna blackish (dark area confined to apical half of segment, in 
some specimens). Ventral abdominal markings more extensive; dark, posterior, 
margins of sternites wuder and darker, often bordered by reddish brown shad- 
ing; entire venter may be tinged with reddish brown. In sdme specimens, the 
gills have a faint reddish or purplish tinge. 

Holotype — Male imago reared from nymph. Camp Lab. 48, Lii- 
qiiillo Mts., P. R., June 13, 1935 (J. Garcia-Diaz) . No. 1438.1 in 
Cornell Unwersity collection. 

Allotype — Female imago. Rio Cidra, xldjuntas, P. R. March 
24, 1935 (J. 6. Needham, J. Garcia-Diaz). No. 1438.2 in Cornell 
collection. 

Paratypes — 18 male imagos, 34 female imagos. Luquillo Mts., 
P. R., June 8-14, 1935 (J. Garcia Diaz) ; Rio Cidra, Adjiintas, P. E. 
Mch. 24, 1935 (J. G. Needham, J. Garela-Diaz) , No 1438.3-54 in 
Cornell eolleetion. Of these, one female was reared from the nymph. 

Other imagos of this species were taken by Dean 6arcia>Diaz at 
the stations listed above; likewise at La Joba Creek, Rio Bianco, 
P. R., Meh. 7, 1935. A speimen from -the Luquillo Mts. is dated 
Peb. 18, 1935. Nymphs were collected at Lares, Giiajataca Creek, 
P. R., on Mch. 22 at Rio Prieto. Rio Bianco, Mch. 7, 1935. 

Neohagenultis luteolus, sp. nov. 

Larger and paler than iV. juUo ov N. iincius. Wing veins amber or yel- 
tibia of male whitish except tip, femur red-brown. 

Male imago— Body 6%-7 mm.; wings 7 m.. 

Head yellowish- Black markings on frontal area, at bases of antennae, 
and around ocelli. Upper portion of compound eyes orange. Oeelli milky white. 
Antennae pale. Pronotum yellowish with reddish tinge ; margins, and a curved, 
lateral, streak on each side, black. Meaonotum eoncolorous with pronotum j seu- 
tellum smoky. Pleura light reddish brown f a wide, blackish, streak anterior 
to wing roots, enclosing a pale line; black shading below wing roots and 
around bases of legs. Anterior half of metanotum red-brown, margined poste- 
riorly with black. Posterior half yellowish; black, lateral, spot above leg base. 
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Sternum darker red-brown. Sutures, and lateral areas of meso sternum beliind 
middle legs, yellomsli. 

Pore femur ratlier dark red-bro^ivn, witli narrow, black, pre-apieal, line; ex- 
treme tip yellowish. Tibia very pale, yellowish or whitish; a rather wide, 
pre-apieal, purplish black, band, and a dark streak backward from this along 
lower margin, to about middle of segment. Tarsus pale yellowish; distal joint 
faintly smoky; a pale smoky streak along lower margin. Middle and hind legs 
pale yellowdsh. Two small, black, spots, unequal in size, near apex of each 
femur, and a faint blackish, longitudinal, hair-line above center of each. A 
smoky longitudinal streak near middle of hind femur, on some specimens (not 
present in holotype). Wings hyaline. All veins pale amber to yellowish; those 
in euhito-anal area often so pale as to be invisible. Gross veins distinct in 
first three spaces behind costal margin only. 8 to 9 stigmatic cross veins, 
slightly aslant, are some'what heavier than others; entire stigmatic area very 
faintly amber-tinged. Extreme, base of costa, to humeral cross vein, thickened 
and blackish; costal space before this cross vein reddish brown. Costal margin 
and first vein in hind wing purplish grey at base. Hind wing as in figure 47. 

Abdomen pale yellowish or whitish (no reddish tinges except at base and 
apex), with greyish black, dorsal, markings. Posterior margins of all tergites 
rather widely dark; lateral area of each likewise deep grey, this dark band 
enclosing a pale V-shaped mark which does not reach to posterior margin. 
Median area of each tergite hyaline, wholly whitish except for dark posterior 
band; outer margin of this pale area curved, ( ). A small black spot over 
spiracle. Segments 8-10 opaque, tinged strongly with reddish brown. Sternites 
1 and 2 likewise reddish brown with smoky tinge; 2 paler than 1; each with 
two hyaline submedian marks, which are dots on 1, streaks bounding the dark- 
ened ganglionic area on 2. Sternites 3-7 pale, hyaline; posterior margins, and 
a lateral streak paralleling the pleural fold, smoky brown. Tails (missing from 
holotype) pale yellowish white; joinings black, alternately wide and narrow, 
the narrow joinings less darkened. 

One of the male paratypes differs from the above description thus: head 
and entire thorax reddish brown, sternites 2-7 with distinct purplish-red tinge. 

Eemale imago. — -Head purplish black ; two small, pale, submedian, spots 
on oeeipiit; a pale, narrow, transverse, line between lateral ocelli; pale areas 
along posterior margin, at bases of antennae, and on outer margin of each 
' lateral ocellus. Antenna yellowish ; second joint blackish in apical third. Tho- 
rax light reddish brown. Lateral margins, and almost the entire median area 
of pronotixm, blackish. Mesonotal seutellum, and median, streak directly an- 
'■ terior to it, blackish. Pleura as in male. Sternum paler than dorsum. Median 
■area, and anterior margin of mesosternum, darker (however, posterior half of 
mesosteniuiii is pale). 

femur dark reddish brown; tibia blackish; tarsus pale, .a ''smoky; 
■ .blotch near apices of 2nd, 3rd and 4th segments, on lower hlargiiis ; ' ' .a reddish- 
black line at apex of distal segment. Middle and hind femora yellowish, with 
reddish tinge, most' evident on hind femur- and at apex of each; a longitudinal, 
black, hair-line extends the length of each; near apex of each, a black spot* 
-Middle: tibia' deep' smoky, hind tibia somewhat paler. Tarsi similar tO' fore legj 
but smoky ■ markings paler. Wings hyaline, brown-tinged throughout. AH veins 
■reddish brown. Costal band on fore wing reddish brown, as in JV. tinctm. 
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Gross veins somewhat less distinct than in that species, especially behind the 
outer fork. Wing broader in proportion to its length than in tinctus. 

Dorsum of abdomen predominantly blackish brown; pale areas yellowish, 
with faint reddish tinge. Dark dorsal areas much as in male, but more ex- 
tensive, on tergites 1-7. The pale, lateral, mark surrounded by dark shading 
is wider than in the male, and curves dorsad apieally. The pale, median, areas 
are smaller than in the male, becoming progressively larger in size from base 
toward apical tergites. On tergite 8, only small, lateral, areas and a narrow, 
posterior, margin are darkened, so that the tergite is largely pale. Tergites 9 
and 10 are almost wholly yellowish; anterior margin of 9, posterior margin 
of 10, and lateral margins of each, blackish. Traces of dark, submedian, 
streaks are visible within the pale median patches, on tergites 1-7. Sternite 1 
somewiiat tinged with reddish brown; ail other sternites yellow; posterior mar- 
gins very narrowly darkened. Faint dark median markings on sternite 6, and 
around egg valve on sternite 7. Tails greyish brown; alternate joinings blackish. 

m. 

In both paratypes, the pale, median, areas on the tergites are much re- 
duced in size, as conij^ared with the above description. (The middle and apical 
portion of abdomen is missing, in one paratype). 

jSTymph. — Distinguished from N. jnlio and W. iincius by: 1) the some- 
what larger size; 2) the shorter spines on femora and tibiae (figs. 15, 17); 3) 
the fact that that there is no continuous pale area between eye and ocellus; 4) 
the median dark ventral mark. 

Head dark reddish brown, heavily shaded with black between and imme- 
diately anterior to eyes. Yellowish areas around antennae, at outer margin of 
each lateral ocellus, and at inner margin of each eye. Thus, there is no con- 
tinuous pale space between eye and ocellus. Antennae wholly pale. Median 
portion of occipital border, and four submedian spots on occiput (the anterior 
pair of these the larger), are pale reddish. Labium 2% times as wide as 
long* in tinotnSj juUo, 2 times as wide. Thorax as in juUo. Legs yellowish, 
distinctly tinged wnth pale reddish bro-wn. Basal third of fore femur wholly 
pale. Two black spots, unequal in size, at apex of each femur. Spines on 
femora and tibiae shorter, much less prominent than in julio or Unctm. Ab- 
domen of female nymph largely blackish brown dorsally, on tergites 1-8; pale 
median and lateral marks as in adult; median area of 8 more extensive' than 
on preceding tergites. Tergites 9 and 10 almost wholly pale; lateral margiiiB 
'darkened, also posterior margin of 10. ' Dorsum , of 'male with larger pale areas,' 
as in adult. Venter of abdomen yellowish. A short, black, median, transverse, 
mark , on each sternite, somewhat anterior to the posterior margin. ■ ' Tails , wholly 
yellowish,- except in mature nymph. Gills with a greater number of short, lat- 
eral, branches than in juUo, tmatns. 

' Holotype— Male , imago, . reaTed 'from . nymph. ' , C'amp ..lab. 46, , Ln- 
qiiillo.Mts., :P., E., June '9, 1935. (J.. Gareia-Diaz). -No., 1489.1 in 
Cornell University coileetion. . ■ . . 

, Allotype— Female imago,- reared. ■ Same data No. 1439.2 in 

..Cornell ,'eolleetioii. 

Paratypes — 2 male images, 2 female images. Same locality same 
-nolleetor. : June 7 " No.'; 1439.3-6 in Cornell collection. 
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In aclditioii to the three reared species of Neohagemilns, many 
specimens of nymphs of a distinctly larger size are present in the 
Puerto Riean material. None of these has been reared. Two dif- 
ferent species seem to be represented ; these are designated by num- 
ber only. 

Meohagenulns sp. No. 1 

— Body of female 7-8 mm. in length. Second joint of antenna 
black. Spines on femora and tibiae relatively long, as in N. juUo and N. 
tinctus. Pale area between eye and ocellus not divided by a dark line. Head 
and thorax red-brown. Abdomen of mature female dark red-brown dorsally. 
On each tergite, dark, submedian, streaks enclose a pale, median, line; a pair 
of pale, submedian, spots at anterior margin; lateral markings as in tinctus. 
Venter paler red-brown: anterior margins of each sternite narrowly darkened; 
intersegmental areas pale; an oblique, dark, mark on each side near posterior 
margin, halfway between median line and lateral margin. A single large fe- 
male imago, body marked as in nymph, may represent the mature form of this 
species. 

Nymphs of this species were collected at El Rueio, P, R., in 1934 (Dr. 
Francisco M. Pagan). Other specimens are from Guajataca Creek, Lares, P. B., 
Mch. 22, 1935 ( J. G. Needham, J. Garcia-Diaz) ; Bio Prieto, Bio Blanco, P. E., 
Meli. 7, ^35 (Needham, Garcia-Diaz) ; El Yunque Trail, Luquillo Mts., June 
10, ’35 (J. Garcia-Diaz). The large female imago was taken at La Catalina, 
Luquillo Mts., Api. 15, 1935 (J. Garcia-Diaz). 

Neohagenulus sp. No. 2 

Nymph. — Body of female 7-8 mm. in length. 

Head pale red-brown. Pale area between eye and ocellus not divided by 
a dark line. Antenna wholly pale. Thorax yellowish to pale reddish brown; 
dark markings as in the species previously described. Spines on femora and 
tibiae about intermediate in length between those of N. luteoivs and the other 
three species. Dorsum of abdomen in both sexes largely yellowish. Posterior 
and lateral margins of tergites, and a mark near postero-lateral angle of each, 
blackish. Venter yellowisii. Posterior margins of sternites may be narrowly 
darkened throughout, or the dark area may be confined to the lateral portion 
'■'■of; each. 

Nymphs of this species are from Bio Cidra, Adjuntas, P. R., Mch. 24, 
1935 ( J. G. Needham, J. Garcia-Diaz) ; La Catalina, Luquillo Mts., Apl. 14-15, 
1929 (J. Garcia-Diaz); and El Yunque Trail, Luquillo Mts., Feb. 18, ’35 
(Needham, Garcia Diaz). Other specimens taken by Dr. Francisco M. PagAn 
at El Bucio, Penuelas, P. B., in 1934, may be of this species, but are too dis- 
colored to permit of certain determination. 

Genus Borinquena gen. nov. 

' Allied to Hagenulus and Neohagenulus. Bather small mayflies, wings of 
the known species 5 to 5% mm. in length. Dpper portion of compound eyes 
of male much flattened (fig. 22, lateral aspect). In dorsal view, upper portion 
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is oval; a small area of lower division is also visible from tMs aspect. Eyes 
not contiguous apicaliy, separated by distance equal to widtb. of upper portion. 
Lateral ocelli very large, median ocellus barely visible. Posterior margin of 
head of female almost straight between the eyes. Proiiotum somewhat excavated 
in middle of posterior margin. Pore legs of male longer than body; tibia 
fully twice as long as femur, tarsus subequal to tibia; basal tarsal joint very 
short, 2nd and 3rd joints subequai, 4th about % as long as the 3rd, 5tli about 
Vs. as long as 4th. In hind leg of male, femur slightly more than half as 
long as tibia; tarsus short, about % the length of the femur. Hind femur 
of female three-fourths as long as tibia; tarsus as in male. Claws on all 
tarsi dissimilar. 

Pore wing as in figure 4. Outer fork of radial sector deeply sagged at 
end of stem, in both sexes. Before the bulla, 3 or 4 weak costal cross veins; 
bevond bulla, 3 to 5 weak veins before stigmatie area, which contains 7 or 8 
well developed, slanting, cross veins. Cubital interealaiy and first anal vein 
joined near base. Hind wing very small, dranm out into a long, *slender, point ; 
two longitudinal veins only, no cross veins (fig. 10). 

Porceps base entire, bearing at median area of apical margin two short,, 
finger-like, processes (fig. 8). Porceps very distinctive; basal joint very long,, 
somewhat narrowed at apex; the two distal joints subeqnal, together about, 
equal to % of length of basal joint (fig. 12). Penes elongate, rod-like, usually 
closely appressed on inner margin; each bears on ventral surface a small, hook- 
like, projection, v/ell below the apex. A correspondingly long ovipositor is borne 
by the female, as a development of the 7th sternite (fig. 2). Apical margin, 
of subanal plate of female with a deep V-shaped cleft. 

Nymph remini scent of Ohoroterpes in proportions of head and body and 
in general appearance, aside from structure of gills. Moiitliparts likewise very 
similar to those of Choroterpes (see figs. 32, 33, 35, 38, 40). Spines on fore- 
femur longer and fewer in number than in Choroteiyes l)asalis Bks; on hind, 
femur, reduced to a relatively few short spines on hind margin (in C, 
these are more numerous and more widely distributed). Hind tibia likewise 
with relatively few spines, most of these clustered near apex (in C. hasali-a,. 
these spines are very numerous and generally distributed). Claws pectinate^. 
Short postero-lateral spines present on segments 6-9, that on 9 being longest. 
Gills single, filamentous; each contains a single, unbranehed, trachea (figs. 19, 
39). Tails three; median tail distinctly longer than laterals, and slightly 
longer than body of nymph. 

Genotype— Borinqueiia carmencita, sp. ' noY. 

Tlxe above eharaeterkatioii of the genus is based on the geiio- 
type, and does not hold for the abnormal species B, confradicens as 
regards vshape of hind wings and length of male forceps. 

Kirr TO Spkcibs OF Boeinqu^ 

.A0ULTS ■ 

1. Wing very much reduced, having but two longitudinal veins, no cross veins; 
forceps of male very long, equal to combined lengths of last three ab- 
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dominal segments; abdominal tergites of male yellowish, wings browm- 

tinged carmencita 

Wing mu eb less reduced, having four longitudinal and several cross veins; 
forceps of male shorter; abdominal tergites of male whitish, wings not 
tinged- — . — ^ .^^contradieens 


NYMPHS 

1. Gills distinctly widened in basal third of their length; abdominal tergites 

of male yellowdsh, dark posterior margins narrow contradicens 

Gills tapering more uniformly, not distinctly widened at base; abdominal 
tergites 7 and 10 of male "wholly yellow, 8 and 9 blackish ; dark pos- 
terior margins of other tergites wide carmendta 

Borinquena carmencita sp. nov. 

Wings faintly brown-tinged; abdomen yellowish, dark-banded dorsally. 

Male imago. — Body 5% mm.; wing 5-5% mm. 

Head very dark red-brown; antennae brown; lateral ocelli pearly white; 
eyes blue-black. Pronotum yellowish brown ; lateral margin and postero-lat- 
erai angle dusky. Anterior margin of prothoraeie pleura blackish; an oblique 
streak across central portion. Mesonotum rather dark red-brown; anterior lobe 
deep orange; posterior half of median line, including middle of seutellum, and 
oblique, lateral, extensions forward from median line to wing roots, yellowish. 
Pleura pale red-brown, yellowish around leg bases. Wide, purplish black, stripe 
extends forward from wing roots; blackish markings below wings and near leg 
bases. Metanotiim olive brown; posterior margin and seutellum dusky. Ster- 
num red-brown, darkest across anterior portion of mesostemum. Coxa and 
trochanter red-brown. Pore femur deep purplish brown, with prominent yellow, 
pre-apical, band; pale brown at base. Middle and hind femora similar, but 
distinctly yellowish at base. Tibiae dark olive brown, with faint red-brown 
tinge. Fore tarsus similar to tibia but paler. On middle and hind legs, basal 
and distal Joints of tarsi yellowish, intermediate joints light red-brown, Join- 
ings very narrowly yellow. Wings hyaline, iridescent, faintly brown-tinged (figs, 
4, 10), Venation dark red-browm. 

Abdomen yellowish, semi-opaque. Tergites 1-6 with wide, purplish black, 
posterior, margins, these bands widest at middle and at each end; at median 
line, a pale streak may divide the anterior half of this dark border. Anterior 
extensions from each end of this dark band form an elongate, dark, oval, mark 
enclosing a pale area; its sides are two dark lines parallel to the pleural fold, 
conjoined at each end, and extending forward almost to the anterior margin. 
The dark oval is not well defined, on tergite 6. On tergite 7, the dark posterior 
band is narrower, and has no lateral extensions; a round, dark, spot is present 
near the postero -lateral angle, another at spiracular area; on some specimens, 
a smaller, dark, dot may occur between these. Dusky shading also occurs along 
the anterioT margin of each intermediate tergite, usually as small patches on 
each side of median line. Geminate, dark, mid-dorsal, streaks are faintly in- 
dicated ; on some ' .specimens,, most ■■distinct at each margin. ■.■■Tergites... 8 . .and 
largely ; deep .purplish brown ; ' nnterio.r margin . of 8, are.a. . .adjoining ....■ .posterior 
margin of 9, traces of median streak, and wide, lateral, margins are yellowish. 
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Tergite 10 yellow, with reddish tinge. Sternites 1-7 with posterior margins 
faintly dnsky; sternites 8 and 9 tinged with light red-hrown. Tails dark olive 
brown with reddish tinge; joinings darker. Genitalia as in figures 12 and 
37, Forceps base light red-brown; forceps dnsky, darker at apex of long joint. 

Specimens taken on Jime 7, in tke same locality as tlie liolotype, 
appear much darker; pale hands on femora more or less obscured; 
posterior dark borders on abdominal tergites more extensive; thorax 
deeper red-bown; wings more strongly broum-tiiiged ; all markings 
more intense in color. No structural differences are noticeable. 
Nymphs of these darker forms are not known, hence it its not pos- 
sible to determine whether these represent another closely-allied 
species, or are merely darker forms of the same species. 

Female imago. — Body 514 nim. ; wing 5 % mm. ® 

Very similar to male, aside from usual sex differences. Mesonotuni paler 
brown than in male; a V-shaped yellow mark and an antero -lateral extension 
of this on each side, anterior to seutellum. Wings as in dark form of male. 
Abdominal tergites 1-5 largely obscured by blackish shading, leaving on each 
side a pale, rounded, spot; antero-lateral angles, a narrow, median, line in an- 
terior half, and submedian streaks on each side of dark geminate lines, like- 
wise pale. A wader, pale, band across central area of tergite 6, in dorsal por- 
tion. Tergite 7 almost w^holly yellowish except for lateral, dark, oval, mark 
and narrow anterior and posterior margins. Tergites 8 and 9 largely blackish; 
pale, median, line on each; traces of pale, submedian, streaks at posterior mar- 
gin of 9; lateral areas of each pale. Tergite 10 yellow. Sternites 7-9 shaded 
with pale red-brown. Long ovipositor on stemite 7 (fig. 2) extends beyond 
apex of abdomen for % of its length; pale yellowish, with dark, longitudinal, 
streak on each side. Tails somewhat darker than in male. 

Nymph. — Frontal portion of head yellow^ with faint brownish markings. 
Wide, blackish, band across head between lateral ocelli, usually extending laterad 
to eyes. Eemainder of vertex, and occiput, yellow, more ox less obscured by 
lateral and transverse darker markings, leaving pal© posterior margin and a 
pair of pale, submedian, spots. Thoracic notum yellow; in female, extensive 
dark markings on median and lateral areas of pronotum, antero-lateral and late- 
ral areas of meSOnotum, also dark streaks on each side of central portion of 
latter segment. In male, these dark areas considerably reduced in ske and 
extent on both segments. Legs yellow;- dark markings at middle and apex of 
femur, in mature nymph. Abdomen ' yellow, except tergites 8 and 9, which' are 
largely blackish, in both sexes. Posterior . margins of tergites 1-6 with wide,, 
blackish, bands. Sternites unmarked. Gills deep purplish grey, tracheae black; 
more or less uniform in width throughout, aot distinctly widened at base (fig. 
19).: Tails yellow, somewhat, opaque at joinings.. Postero-lateral spines present 
on segments 6-9; very small on 6, largest on 9, 

, . . ;IM imago. El Ynnqiie, P. R., Peh. 18, 1935 (J. G*. 

Needham, J. Garcia-Diaz). No. 1399.1 in Cornell Uiiive.rsitj. eoh 
^ leetioii. , . ' ; ' 
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Allotype— Female imago. Liiqiiillo Mts., P. R., June 1935. 
No. 1399.2 in Cornel] collection. Same eolleetors. 

Paratypes— 56 male imago, 2 female imagos; El Yunque River, 
P. R., Feb. 18 and June 7, 1935, and Lxiquilio Mts., P. R., Feb. 17, 
1935. Some collectors. No. 1399.3-57 in Cornell collection. 

A single male snbmago was reared, thus establishing the correct 
association between nympij and imago, Speeiinens of Ibis species 
were taken also from the following localities, during 1935 ( J. Garcia- 
Dlaz) : Hicaco River, Rio Blanco (Meh. 7); and Rio Cidra, Ad- 
juntas (I\Ieli. 24). 

Borinquena contradicens, sp. nov. 

Eeseinbles the type species of this genus in the rearward sag of the outer 
fork of radial sector and in the genitalia of the male, but with hind wings 
similar to those of Hagemihis callgatm (Rg. 50), Female with long ovipositor 
(fig. 34). Nymph quite like that of B, carmencita. Abdomen and legs of male 
imago w'liitish; thorax and fore femur red-brown, 

Male imago. — Body 5 nini. ; wing 5 VC mm. 

Head blaekisli browni. Compound eyes deep purplish black in upper por- 
tion. Purplish shading on basal joints of antennae^ filament silvery white. 
Thorax largely red-browm. Proiiotum, wide strix> from wing roots to proiiotal 
margin, and pleura of pro- and mesonota, quite heavily shaded with black. 
Sciitellum, area anterior to and laterad of it, and jiosterior half of median area 
of mesoiiotioii, yellowdsh. Aleta thorax ^’’ellowish ,* xR^^’phsh black markings on 
pleura and around wing roots and leg bases. Posterior half of mesosterniina 
likewise yellowish. 

Fore femur red-browm. Tibia and tarsus of fore leg, and entire middle 
and liind legs, pale yellowish w^hitc. A purplish black patch at apex of for© 
tibia. Apices of middle and hind femora pale reddish yellow. Purplish grey, 

^ median, ])ateh on hind femur only. Wings hyaline; both wings red-brown at 
extreme base (in hind w'ing, largely in costal strip). Longitudinal veins very 
pale yellow in upper half of fore wing; in remainder of fore wing and all 
of hind w'iTtg, silvery w'hite. Cross veins fine, silvery white; almost invisible 
except ill ptiginatic area. Nine to eleven cross veins in this area; slightly 
aslfint, yellow-tinged, and more distinct than cross veins elsewhere. Outer fork 
of radia.l sector in fore wing sagged prominently to rearwmrd. Hind wing showm 
in ,fig., 50, , 50 B, 

Abdomen whitish; middle segments hyaline, basal and apical ones opaque. 
Posterior margins of tergites 3-10 narrowly purplish black, widest at median 
line; on 3 and 4, dark in median area only. Oblique, lateral, streaks of the 
same dark color extend the length of the segment on tergites 7-10 ; on 5 and 
6 these streaks may be incomplete at apical margin; not present on basal 
segments. On tergites 2-8, a purplish black, stigmatic, dot; short, black, 
marks from the ends of the posterior dark bands extend obliquely above these 
dots on tergites 4-8. A small, dark, spot on median line above the apical mar- 
gin, on tergite 5; a larger, dark, blotch on antero-median area of tergite 
Sternites unmarked. Cenitalia as in figs. 36, 41. Tails silvery white; a pnr- 
plish-black ring at each joining. 
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Female (subimago ready to transform, cuticle partially removed). Body 
S'Y2-4z min.; wing 5 mm. 

Body largely red-brown. Head and eyes blackish, Pronotmn and meso- 
thoracic pleura heavily shaded with black, Mesonotal shield and median por- 
tion of mesosternum paler, yellowish to olive brown. Tip of seutellum brown. 
Hetanotum yellovvdsh ; black markings laterally, esilecially around bases of legs. 
Legs (cuticle not removed) red-bro^vn; fore leg darker than hind leg. Pur- 
plish, median, blotch on hind femur; apex dark red-brown. Wings (cuticle re- 
moved from fore -wing) hyaline. Costal space hasad of humeral cross vein dark 
red-brown. Humeral cross vein, costal margin, and subeosta, red-brown; ra- 
dius and first branch of radial sector same color, but less prominent. Cross 
veins from costal margin to first branch of radial sector light red-brown, fairly 
distinct, especially those in the stigmatic area, which are about 9 in number, 
and slightly aslant. Hind -wing red-brown in basal costal space; tip, and en- 
tire outer margin, darkened. 

Abdomen red-brown dorsally, mottled wdth black. Mediaif areas of tergites 
5-7 yellowish; pale, submedian, streaks on tergites 3 and 4, Posterior mar- 
gins of all tergites purplish black, the dark band occupying about % of each 
tergite. Sternites 1-6 pale yellowish, 7-9 tinged with reddish brown. Posterior 
margins darkened, very faintly across median area, distinctly next to pleural 
fold. Tails (cuticle not removed) greyish, all joinings black. Long ovipositor 
present, as in B. carmencita (fig. 34). 

Nymph. — Body 5 mm. in length, Head yellowish. Irregular, pale brown, 
markings on frontal portion. A blackish, curved, mark on each side of base 
of antenna. Antenna yellowish; second joint may be darkened near base. A 
broad, blackish-browm, hand extends across head between eyes, inelnding the 
lateral ocelli. Posterior to this band, much grey shading; pale areas include 
a narrow strip behind the dark band, and three pairs of elongate-oval, sub- 
median, spots, those nearest the posterior margin being longest. Pronotum grey- 
ish browm, with large, hilohed, yellowish, areas on each side. Mesonotum yel- 
lowish. Dark markings along postero-lateral margins; short, dark, submedian, 
streaks may be |>resent. Blackish shading in antero-lateral areas, extending 
backward to wing roots. M etanotum yellowish ; irregular brown, lateral, mark- 
ings. Stenium yellowish white. Legs yellowish, in immature nymphs. Traces 
of dark median and apical bands, on hind femur only, in young nymphs ; mature 
specimens may have dark shading and femoral bands on other legs also. Ab- 
dominal tergites 1-3 of female nymph blackish brown; tergites 4-8 same dark 
color laterally, but each with a large, pale, median area, these pale spots be- 
eoming progressively larger in size from tergite 4 toward apex, Tergites 9 
and 10 largely yellow; 9 with narrow dark anterior margin. Abdominal ter- 
gites of male nymph yellowish, with narrow, dark, posterior, and oblique, lat- 
eral, dark markings, as in adult. Sternites of both sexes yellowish, unmarked. 
Tails of immature nymphs wholly yellowish, or silvery white; mature nymphs 
similar to adults. Gills distinctly widened in basal third (fig. 39) ; dark grey, 
tracheae black. Postero-lateral spines on 8 and 9 (no true processes on ether 
segments) shorter than in B. mrmermta. 

Hoiotype— ]\Iale imago. La Mina Recreational Area, P. R., July 
14, 1935 (J. Garcia-Diaz), No. 1440.1 in Cornell Uniyersity col- 
^lection,A,, 



THE journal of AGRICULTURE OP THE UNIVERSITY OP P. R. 


22 


Allotype — Female subimago, reared from nympli. Luquillo Afts.? 
P. E., June 8, 1935 (J. Garcia-Diaz), No. 1440.2 in Cornell col- 
lection. 

Paratypes— 2 male siibimagos, 1 female siibiinago, reared from 
nyniplis. Luquillo Mts., P. E., June 8-14, 1935 (J. Garcia-Diaz) . 
No. 1440.3-5 ill Cornell collection. 

Nymphs of this species were taken in the Luquillo Mts. P. E., 
on Feb. 18, 1935 (J. G. Needham, J. Gareia-Diaz). 

SUBFAMILY CAENINAE 

Genus Gcienis Stephens 

Three species of this genus are represented, one by a female imago 
reared from the nymph, one by a female imago and tentatively as- 
sociated nymph, the other by a single nymph. These may be dis- 
tinguished as follows. 

Key to Puerto Bican Species* or Caeitis 

ADULT FEMALES 

1. Five longitudinal black stripes on mesonotum; no dark markings on 

femur , sp. No, 1 

A single dark, median, line on mesonotum; two incomplete, blackish, 
bands and a longitudinal, black, hair-line on femur sp. No, ^ 

NYMPHS 

1. Dark area at base of antenna,* abdominal tergites largely suffused with 

■blackish : . sp. No, ^ 

No such dark area at base of antenna; abdominal markings somewhat 
more restricted - : 2 

2. Posterior portion of head largely yellowish; numerous small yellow spots 

on mesonotum; dark markings on apical tergites largely restricted 

to lateral areas — _ sp. No, S 

Posterior portion of head largely brown; mesonotal markings diffuse 
streaks; dark markings on abdominal tergites largely transverse 
■ bands sp. No, X 


Caenis sp. No. 1 

Female imago. — Body 3 mm,; wing 2% mm. 

Head heavily shaded with purplish black. Antennae pale. Pronotum grey- 
ish, margined and heavily shaded with black. Mesonotum reddish brown, with 
five longitudinal, black, stripes, one of these on median line. Pleura and ster- 
num yellowish to light reddish brown, darker at sutures. Yenation purplish 
grey, Xiegs light reddish brown; two black streaks on each coxa, no other 
markings. Abdomen yellow. Wide, black, bands on posterior margin of each 
tergite, the blackish shading often extending over half the segment. Tails miss- 
iiig.,';. 
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Taken at Rio Piedras River, P. R, May 23, 1935 ( J. Garcia-Diaz) . 

Two specimens, reared from nymphs. Head and thorax of nymph leddisli 
brown with yellow^ markings. Black hand on head between bases of antennae^ 
another between eyes. Antennae yellowish. Two yellow spots on head, one be- 
tween bases of antennae, the other along median line of vertex and occiput. 
Median, dark, band on femur ; wide dark band basally on tibia, similar band 
on tarsus. Anterior margin of pronotum rather widely daring. Abdomen yel- 
lowish with black markings as in adult. 


Caenis sp. No. 2 

Female (imago removed from subimaginal skin). 

Body 4 mm. ; vring 3% mm. 

Head yellowish; black shading between eyes. Antennae blackish at base^ 
Pronotum light reddish brown, with much black shading. Mesonotum reddish 
brown; median line, and streak anterior to wing roots, blackish. Pleura and 
sternum light red-brown; dark markings on plenra at bases of legs. Black 
shading on coxa; a black dot on trochanter; two incomplete, blackish, bands 
on femur, one near base, the other near apex, likewise a longitudinal, blacky 
hair-line along margin. Venation light purplish grey. Abdomen yellowish. Tei* 
gites more or leas completely suffused with irregular blackish mottling, which 
on basal ones tends to form dark, posterior, bands. Tails yellowish at base, 
paler apieally; not darkened at joinings. 

Rio Piedras River, P. R, May 23, 1935 (J. Garcia-Biaz). 

» ' t' • 

A single specimen. A last-stage nymph, about to transform, taken at same 
time and place, is tentatively associated with this female, because of dark 
area at base of antennae, the diffuse dark abdominal markings, and the single 
dark, median, line on the exposed mesonotum of the subimago. Anterior margin 
of pronotum less flaring than in nymph of Camis sp. No, 1; dark markings 
on abdominal tergites rather more suffused. Legs missing. 

Caenis sp. No. 3 

This species is represented by a single nymph, taken at same time and 
place as other two species. Body more slender than in either of the two pre- 
ceding species. Head largely yellowish, except for wide, dark, bands between 
bases of antennae and eyes, narrow continuations from these bands forward to 
the elypeus, and brownish, lateral, sfireaks extending forward from the narrowly 
dark posterior margin. Antennae yellowish. Pronotum mainly blackish, but with 
a large, yellowish, spot on each side and another on posterior half of median 
line. A series of small, yellow, spots on the xed-brown mesonotum are located 
as follows: one large spot on each side anterior to wing roots; one large spot 
laterally on anterior line ; four small spots between median line and wing roots; 
and a pale^ oblique, streak on anterior margin at median line. Two small, 
black, siibmedian, spots near posterior margin of mesonotum, behind these a 
pale area. Costal margin of wing pad heavily shaded with blackish- Legs yel- 
lowish. Pre-apical black spot and diffuse band on each femur ; dark proximal 
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band on each tibiaj another near base of tarsns on fore leg only. Dark marks 
on plenra above bases of middle and hind legs; small, dark, streak at apex of 
tTOchantex on these legs. Abdominal segments yellow; basal tergites heavily 
suffused with blackish ; tergite 10 yello^v-brown with no black markings ; othejr 
tergites pale in median area and along each margin, lateral areas blackish. Tails 
yellow, not darker at joinings. 

SUBPAjVIILY baetinae 

The three genera Baetis, CaiLbaetis, and Cloeodes are represented 
ill this iiiateriaL These may be distinguished as indicated in the fol- 
lowing keys. 

Key to Puerto EiCx\n Gekera op Baetinae 

ADULTS 

1. Hind wing present— 2 

Hind wing absent Cloeodes 

2. Hore wings usually with numerous costal cross veins before the bulla; 

hind wings with a moderate number of cross veins, the costal projec- 
tion obtuse-.*'- OalUlaetis 

Fore wings without costal cross veins before the bulla ; hind wings with 
no cross veins, or very few of them; costal projection acute, may be 
hook-like Baetis 


Key to Puerto Rican Gbsmera op Baetinae 


NYMras 

1. Gills single on segments 1--7 2 

*** Gills double on segments 1-6, single on 7, Callihaetis 

2. Hind wing bud present Baetis 

Hind wing bud absent-- - Cloeodes 


Genus Callibaetis Eaton 

Females and nymphs of this genus Avere collected. The nymphs 
were not reared, hence cannot be associated with the female except 
: by, inference. 

Callihaetis completa {^) Bks, (2) 

Several females taken in September 1930 (Francisco Sefn), at the Experi- 
ment Station, R!o Piedras, P. R., are tentatively placed in this species. The 
specimens are in rather poor condition, so that it is difiicult to be certain of 
the markings on the body. No dark dots are evident on the thorax. Seutellum 
of mesonotum, and spine-like median process of metanotum, dark brown. In 
some specimens, the median area of the mesonotum likewise appears darker than 
other parts. The second joint of the antenna is slightly brown-shaded, in some 
specimens. Of this, Banks states: second joint of antenna mostly dark brown. 
Begs yellowish, having no dark dots; femoro-tibial joint red-brown; tarsal 
joinings narrowly dark; claws dark brown. 
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Wings much as described by Banks: broad brown stripe along front 

margin, covering the first three veins, and on base a little more 5 this brown 
fills the costal area to base, and also at tip, it contains a number of transverse 
hyaline white marks, mostly over veins, very few of these pale spots in the 
apical fourth ’ h In the basal half of the costal space, however, are many 
narrow, pale, areas along the cross veins, usually extending from costal margin 
to subeosta, but sometimes broken up into two pale spots narrowly sepaxated 
by a brown line. These pale areas usually extend for a short distance beyond 
the bulla only, but in a few specimens they occur also at the tip. Pale areas 
around veins in the subcostal space become round spots, except in the apical 
fourth, where they are narrow as in the costal strip. In the space below radius 
appear other and larger, pale, areas around cross veins, connected behind with 
the hyaline portion of the wing. These large pale spots are 5 to 7 in number; 
the largest occur near the bulla. All veins brownish. Gross veins behind the 
brown band about 22 in number; none very near the margin. Marginal inter- 
calaries occur singly. 

Pew or no small, dark, dots on abdomen, but larger, paired, submedian, 
dark, spots or marks on tergites and sternites; those of the tergites seem con- 
fined to the basal and middle segments, and the area between them appears to 
be darkened. Of C. Gompleta, Banks says: ^^body of usual pale brownish, 
with many small, dark, dots, especially on the abdomen, beneath with larger, 
paired, dots, above on the abdomen the basal segments show a large, dark, 
spot in the middle, tending to form a stripe.^’ Tails whitish; dark-ringed at 
joinings, the rings of alternate joints wider and darker. 

Rather variable in size ; wings ranging in length from 5 to 7% 

The length of C, cornpleta is given as 7^ mm. ; type locality, Sole- 
dad, Cuba. 

Callihaetis sp. 

Nymph. — Head and thorax dark red-brovrn. Pale areas around eyes, an- 
tennae and ocelli ; vertex and occiput indistinctly mottled, median line pale. 
Mouthparts normal for the genus. Median line of thoracic notum pale, like- 
wise tip of sciitellum and areas anterior to wing roots. Pleura and sternum 
paler red-brown ; darker areas on pleura above leg bases. Legs light xed-brown; 
joinings very narrowly darker. No distinct markings. Abdominal tergites red- 
brown; inter segmental areas pale, so that abdomen often appears banded. A 
narrow, yellow, lateral, line half-way to margin extends the length of the ab- 
domen, but is usually concealed beneath the large gills* Pale areas on flattened 
lateral portion along anterior margin, so that this portion of the abdomen is 
alternately dark and light. A darker spot at base of each pair of gills. Stemite 
paler; a wide, median, band, obscurely darker red-brown, extends the length 
of the abdomen; on each side a row of small, dark, dots, located near an- 
terior margin of stemite. Gills double on segments single on 7 ; large, 
with lower division of each pair (at least on intermediate segments) almost as 
large as the upper, and very similar in shape. Traeheation approaching the 
palmate condition ; tracheae purplish black, prominent, numerous. Tails yel- 
lowish to pale reddish brown, joinings narrowly darker. A wide, dark, band 
across tail, formed by an area of long dark hairs. 

Body 6-7 mm.; tails 4% mm. 
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Specimens were collected during 1935 at Tortuguero Lake, West 
end, Mcli, 9 (J. Gareia-Diaz) ; Cartagena Lagoon, Feb. 23 and Aug. 
10 (J. Garcia-Diaz) ; Florida Road, Feb. 28 (J. G.-D.) ; Experiment 
Station, Rio Piedras, May 23 (J. G.-D.). On May 5, 1931, Dean 
Gareia-Diaz took other similar nymphs at Las Cabezas, Fajardo. 

While it is probable that CalUhaetis sp. is the nymph of C. com- 
pleta ( ?) Bks., this can be determined only by rearing of the nymphs. 
In this way, too, it should be possible to obtain the male, and other 
specimens of females which are in better condition for determination. 

Genus Baetis Leach 

Three species of Baetis are present, one of which has been reared; 
the other two are represented by nymphs only. N;^miphs may be 
separated as indicated below. 

Key to Puerto Rican Species of Baetis 

NYMPHS 

1. Intermediate gills asymmetrical; each about as long as one abdominal 

segment plus half of another 2 

Intermediate gills symmetrical; each about as long as three abdominal 
segments together sp. No, 1 

2. Gills on segment 7 distinctly narrower and smaller than those on 6; 

two dark bands on tail — gardanm 

Gill on 7 very similar to that on 8; a single dark apical band on 

tail — , — , sg. No, B 

Baetis garcianus sp. nov. 

Male imago.— -Body 3% to 4 mm.; wing 4 to 4^^ mm. 

Head rather dark reddish brown; antennae and eyes the same color. Tur- 
binate eyes oval, set on high stalks. Thorax dark reddish brown; interseg- 
mental areas of plenra, narrow stripes on each side of mesonotum, and areas 
around bases of legs and wings, paler. Legs pale yellowish white; coxae largely 
brown; narrow, dark brown, line at apex of trochanter and at each tarsal 
joinings. Wings hyaline. Longitudinal veins veiT’ faintly brownish in apical 
and basal portions; wing margin outlined in brown. Costa and subcosta deeper 
brown at extreme base; a small, dark, spot at base of subcosta and radius. 
Cross veins colorless. Stigmatic space and parallel subcostal space semi-opaque, 
filled with granulations. Three or four slanting, stigmatic cross veins, incom- 
plete toward subcosta. No marginal interealaries in first interspace, or in anaJ 
area; between media and cubitus, these may occur singly, elsewhere paired as 
usual. Hind wing very slender, with strongly hooked, costal angulation, re- 
miniscent of Centroptilum (fig. 9). Two veins only, the first of these usually 
incomplete at apex; a faint brownish yellow stain at extreme base. 
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Abdominal segments 2-6 hyaline 'whitish. Posterior margins of tergites nar- 
rowly deep brown, in dorsal portion only; these marks often much fainter at 
median line. Postero-lateral area of each tergite occupied by a large oliv©- 
browm blotch, almost square, but with its anterior margin slightly concave. 
Antero-lateral areas remain hyaline white. On tergite 2, the upper anterior an- 
gle of the dark blotch extends forward almost to the basal margin of the 
tergite. Dorsum of abdomen thus appears pale in middle area, with a wide, 
broken, brown, band on each side. Tergites 7-10 deep red-brown, pleural margin 
paler; sternites olive brown with a faint reddish tinge. Tails white, tinged 
with yellowish at base; joinings opaque but not darkened. Genitalia as shown 
in figure 5. 

Pemale imago. — Body S%-4:% mm.; wing 4%-4% mm. 

Head yellowish ; narrow pale median line on vertex, lateral areas mottled 
with dark brown. Pronotum dark red-brown; median stripe and lateral areas 
pale. Mesothorax light red-brown; darker brown markings anterior to wing 
root; tip of seutellum whitish. Two pale, longitudinal, streaks on sternum. 
Metathorax dark red-brown. Legs as in male. AH veins distinctly brownish; 
stigmatic cross veins 5 or 6 in number, better developed than in male. Ab- 
dominal tergites largely chestnut brown, with creamy markings. These pale 
areas include the antero-lateral angles, a narrow line along the anterior margin, 
basal half of median line, short, submedian, dashes from anterior margin, a 
small dot at end of each dash, and a lateral triangle based on posterior margin. 
Tergites 8-10 paler than preceding ones. Pleural fold widely pale; small dark 
stigmatic dots, and a wavy, double, blackish, line along tracheal area. Sternites 
pale yellowish; dark red-brown shading next to pleural fold, and a transverse, 
brown, dash in each antero-lateral angle. Tails very faintly brown-tinged at 
base. 

Nymph (described from nymph slough of allotype, with additional notes 
from nearly-mature nymphs). Head light reddish brown; whitish areas around 
eyes, ocelli, and bases of antenae; antennae likewise whitish. Maxillary palp 
two-jointed; labial palp three-jointed, very similar to that ot Baetis sp. No, 

ly showm in figure 25. Epicranial suture and median line of vertex whitish. 

Thoracic no turn eoncolorous with head; median line whitish; diffuse darker 
markings and a few creamy areas anterior to wing roots. Pleura and sternum 
paler reddish broAVn; brownish semi-lunar markings above leg bases. Legs pale 
yellowish, femora often with faint brownish tinge ; obscure brownish, pre-apical, 
mark on femur; a distinct dark brown ''knee spot^’; all joinings narrowly 
dark brown. Claws amber- tiuged; pectinate. Abdominal tergites 1^7 slightly 

darker brown than thoxaeie notum ; tergites 8—10 paler, 9 and basal half of 

10 iisiially yellowish. All tergites paler next to dark lateral margin. A dif- 
fuse pale, median, line on anterior half of each tergite, with obseure darker 
areas on each side. All margins narrowly darker; posterior and lateral mar- 
gins of 10 widely dark; postero-lateral angles of all segments greyish brown, 
with a darker spot at base of gill. Sternites slightly paler than tergites; 
faint dark, lateral, streaks and obscure, obliquely-directed, submedian, dashes 
from anterior margin are often evident. Gills single, obovate, those of inter- 
mediate pairs asymmetrical (fig. 23). Tracheation pinnate; tracheae purplish 
black, conspicuous ; main branch not extending as far as tip of gill, lateral 
branches not very numerous. Tails yellowish brown, crossed by two wide, dark, 
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bands; middle tail about tiyo-tiiirds the length of the laterals. Body 4%“5 
mm.; tails 3~3% mm. 

Ilolotype— Male imago. Tanania River, P. R., March 13, 1935 
( J. G. Needham, J. Garcia-Diaz) . No. 1400.1 in Cornell University 
collection. 

Allotype — Female imago, reared from nymph. Yimez River, 
P. R., June 21, 1935 (J. Garcia-Diaz) . No 1400.2 in Cornell col- 
lection. 

Parat 3 "pes — 23 male images, same data as holotype; 4 male 
imagos, Taiiama River, May 12 (J. Garcia-Diaz) ; 17 female imagos, 
same data as allotype. No. 1400.3-43 in Cornell collection. 

A male and female imago which seem to be of this species were 
collected at Isabela, P. R-, April 24, 1930, and a male at Las Cru- 
ces, P. ., April 4, 1930, by Dr. M. D. Leonard. These specimens are 
in the Cornell collection. Nymphs similar to that from which the 
allotype was reared were taken during 1935 (J. Garcia-Diaz) at Rio 
Cidra (Meli. 23) ; Lnquillo Mts., (Feb. 18, May 26) ; Qnebrada 
Tomey (Feb. 21) ; La Miicla River (Feb. 9) ; Carrera River (Mcli. 
9) ; TJtuado Road (Mch. 13) ; Yiinez River (Feb. 19, Jnne 22 and 
Aiig. 15; Lares, Guajataca Creek (Mch. 22); Tallaboa Alta Rivei 
(Feb. 25) ; Oagiiitas River (Mch. 4) ; Almirante Road (Mch. 9) ; 
and Mameyes River (Mch. 8). 

The species described by Eaton (6), from the Rangel Mts., Cuba, 
m.Centroptihmi poeyi Etn., is probably a Baetis of the same aberrant 
type as B. garcmnus. Abdominal segments 2-6 of poeyi are ‘trans- 
parent whitish'’, unmarked except that “the spiracles and tracheal 
trunks [are] darker in individual specimens”. The narrow, dark, 
posterior, margins of the tergites, and the lateral, brownish, blotches 
of 'go/rcianusy serve as distinguishing features. Were it not that 
B. :garciamis was reared from a typical Baetis n;^unph, it would have 
been very difficult to decide whether to place this species in Baetis 
oivGentroptiluin. Eaton notes: “interneural veinlets of the ter- 
minal margin mostly in pairs,’— a eondition distinctly reminiscent 
of Baetis. The hind wing, however, appears to be that of a Cen- 
troptilnm. ■ 

Baetis sp. No. 1 

Diseoncertingly close to R. garciamis in general appeararLce, but 
slightly smaiieiA and differing in the shape and size of the gills. 

Nympfi— Head very much as in gardams. Maxillary and labial palps 
as in that species; labial palp shown in figure 25. Thoracic notum somewhat 
more conspicuously marked. Distinct paler areas anterior to wing roots, in- 
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terspersed with darker markings ; on each side of mesonotum an oblique^ paler^ 
streak, containing a dark mark, and surrounded hj darker areas. Paler mott- 
ling laterally on pronotum. Pleura and sternum paler relatively than in B. 
garcianus, the dark, semi-lunar, markings above leg bases therefore more con- 
spieiioiis. Legs quite similar, but pre-apieal band on femur has here become a 
wider, longitudinal, streak in apical half of the joint, and the dark knee spot 
is reduced to a narrow line at the femoro-tibial joining. Abdominal tergite 1 
and the extreme base of 10 pale; remaining tergites rather uniformly dark 
red-brqwii. Marked as in B. garciamiSy except that the posterior margins are 
distinctly darker; dark brown shading occurs in a crescentic area based on 
this margin, or in some specimens as more or less distinct wide, submedian, 
streaks the length of each tergite; and the pale, median, stripe is practically 
continuous. Sternites as in the former species, but posterior margins usually 
obscurely darker. Gills longer, relatively more slendef, intemiediate pairs more 
symmetrical, the tips less distinctly rounded (fig. 24). Gill on 7tli segment 
almost as long and as wide as that on the 6th (in B. garcimnis, this gill is 
shorter and distinctly narrower than the one preceding), so that its tip may 
extend beyond the apical margin of the lOth segment. Each intermediate gill 
is approximately as long as any three of the middle segments of the abdomen 
taken together. Tails yellowish brown, may be slightly darker at base; in 
distal half, each joint of lateral tails is darker brown axrically, giving the ap- 
pearance of an obscure darker band near the base, as in B. garcimms. IMiddle 
slightly more than one half as long as the laterals. 

Body 3-4 mm.; tails 3-3^ mm. 

Nymphs cf this species were taken at the following localities 
'during 1935 (J. G. Needliaiii, J. Gareia-Diaz) : Utiiado Eoa,d (Mcli. 
13) ; Tjuc»iiillo Mts. (May 26) ; Caiio Tibiirones (Meli. 12) ; Cagiii- 
tas River (Mch. 4); and Qiiebrada Tomey (Feb, 21). 


Baetis sp. No. 2 

Larger than either of the preceding species. One dark apical 
band on tail. 

Body (female) 6“7 mm. Head and thorax pale reddish brown; pale, me- 
dian, line from frontal suture to posterior margin of metaiiotum. Pale sub- 
median areas on mesonotum. Darker shading anterior to wing roots. Maxillary 
palp as in B. garcianus; labial palp more like that of Baetl-j sp> No. 1. Legs 
yellowish. Very faint pre-apieal bands on femora; femoro-tibial joint dark 
brown; claw and tarsal joinings brownish. Tergites 1 and 9 wholly pale yel- 
lowish; tergite 4 pale except for brown, anterior, margin and two small, dark, 
submedian, dots; tergite 10 pale in anterior half, brown posteriorly; tergite 8 
largely pale, but with four dark, submedian, marks, one pair on anterior mar- 
gin, other pair (closer together) near center of tergite. Tergites 2 and 7 dark 
brown except for pale line near lateral margin; tergites 3, 5, and 6 largely 
brown, but with pale, transverse, areas, on 5 and 6 a bar near anterior margin, 
on 3 a more extensive area nearer center, Sternites yellowish white, unmarked. 
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Grills pale greyish white; tracheae and margins of gills blackish. Tracheae pin- 
nate, intermediate in number of branches between B, garcianus and Baetis sp^ 
No. 1. Gills slightly asymmetrical^ resembling those of B. gardo.nm in shape 
and relative length. Tails yellowish, with single, dark, apical, band. 

Three specimens were taken in the Luquillo Mts., El Yunqiie 
Trail, July 27, 1935 (J. Garcia-Diaz). 

Discussion of the gemis Pseudocloeon Klapalek and allied forms 

Three sjiecies of Baetine images, which by the absence of the 
hind wing and the paii^ed marginal, intercalaries of the fore wing 
{the>se often single, in the females) would fall into the genus Pseudo- 
cloeoii, are present in the Puerto Eican material. Three specimens 
representing,^ two species were reared from nymphs. The nymphs 
possess three tails, almost equal in length and thickness; labial palp 
apparently two-jointed in one s|)ecies, ending distally in a pointed 
projection, in the other species three jointed, distal joint rounded 
apicalty; claws without i^ectinations. The imago of one species 
corresponds well with characterizations of the type of Pseudocloeon 
as to relative lengths of leg joints; in the other species, however, 
■the basal joint of the tarsus is very long. Thus these two species 
differ considerably from one another in characters of both iinaginal 
and iiymphal stages. 

The genus Pseudocloeon Klapalek was described (12) from mate- 
rial collected in Java. The type species is P. kraepelmi Klap., of 
'which the female imago and the nymph are unknown. Figures of 
the legs and genitalia of the male of this species are presented by 
Dr. Uliiier (23), along with descrii3tions and figures of two other 
species of the same genus. Images wiiich correspond to the generic 
characterization of Pseudocloeon occur commonly in the Nearctic 
fauna, and several species of these have been reared from nymphs 
by Drs. McDimnough (14) and Ide (10). These nymphs have but 
, two tails ; both labial and maxillary^ palps are two-jointed ; gills single 

^ all, segments; elaw.s pectinate. The two-jointed condition of the 
labial palp is somewhat deceptive, .however, as' there, are some'sp.ech 
mens' from ' North Carolina 3 (19) in which the fusion of the two 
distal Joints into one is incomplete the palp thus appearing to be 
three- join ted. ; In the Cornell University' collection, /there, 'are ■several 
speciineiis of Baetine nymphs, taken , in the Philippine Islands which 
are twu-tailed; maxillary palp labial palp more or less 

... distinctly tlmee-jointed,, gills single. These accord 

.well wdth the reared' "Nearctic,' nymphs heretofore assigned to Pseudo- 
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cloeon. Tims, altlioiigli the type species of the genus has not been 
reared, n^^mplis which correspond to reared Nearetie nymphs are 
known to occur in the same faunal region as the type loeality ; iiiiagos 
of these Nearetie nymphs agree well with the characterization of the 
genus Pseudoeloeon. Until the type species has been reared, I pro- 
pose to consider the nymphs described from the Nearetie region as 
representatives of the true Pseudoeloeon. 

South American nymphs deseiubed by Needham and Murphy (16) 
as presumably of the genus Pseudoeloeon, prove on further examina- 
tion to possess hind wing buds ; these may be allies of Gentroptihim. 
The n}unph of a species described in Pseudoeloeon has been recorded 
from South Africa by Barnard (2). This nymph has single gills, 
present on segments 2-7 only; both maxillary and labial palps are 
three-jointed ; tails three in number, the middle tail sSmewliat shorter 
than the laterals. These nymphal characters, together with a ten- 
dency in the female imago for the marginal intercalaries to occur 
singly, (as in the Puerto Rican specimens), leads me to believe that 
the South African species is not a true Pseudoeloeon, but an unnamed 
genus of the Pseudoeloeon group. Another allied genus of this group 
is Baetiella Ueno (21). The nymph of the type species, B. japoniea- 
Iman., described in Aceiitrella 4(11), was previously described and 
figured by Ueno 5(20) as f Acentrella sp. It difters from described 
Nearetie species of Pseudoeloeon only in the possession of a long, 
slender, filament or hair near the' tip' of the claw. The imago seems 
to accord well with the characterization given for Pseudoeloeon. 
Other characiers mentioned as separating this genus from allied 
genera do not seem to be distinctive of Baetiella. Is Baetiella worthy 
of generic rank! 

Structural differences between ' nymphs fro'm the several localities 
mentioned, are s'liminarized in the following ta'biilation. Gills single ; 
on 1-7, unless indicated. ■ 


Locality represented. 

Claws . 

. i 

Max. palp 

Lab, palp 

■ ' Tail's.^ 

Philippine ^ 

Pectinate. ! 

2 ]ts. 

1 

3 jts. 


Nearetie.'..*. ....... 

Pectinate. 

2Jts. 

2 (3) its. 


South, African . . . 

? ■■ ■ 

2jts, 

Sits. 

■3'',',' 

Puerto Rican . . . .. 

Not pectinate®. . 

2 its. 

2 (3) its. 

3. .. 

Japanese 

Pectinate 

■2 its. ' i 

3 jts. 

■ 2' '■ 


1- — Nymplis in Cornell University collection; no published description. 

2— Middle tail slightly shorter than laterals; gills present on segments 2-7 only. 

3“MiddIe tail slightly shorter than laterals, in 'two species; much shorter, in third species. 

4— Genus Baetiella. Long, slender filament near tip of claw, 

6— Pectinate, in the aberrant sfHJcies with ’very short: middle tail; this probably does not belong in the 
samegroop with.theothertwospeoiesfrom Puerto Rico. , 
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The nymphs of two of the Puerto Rican species are seen to dift'er 
from all tlie others in the absence of pectinations on the chnvs. These 
nymphs possess three tails^ the middle one of these being* slightly 
shorter than the laterals. In still another Puerto Rican species^ 
represented by nymphs only, the claAVs are pectinate, the middle tail 
iiiiieli shorter than tlie laterals, as in typical Baetis ; this latter 
species is probably iioi congeneric wdth the otiier two, but is here 
treated tentatively under the same generic name. Since the Puerto 
Rican species differ so markedly from the Nearetic, Palearctie and 
Oriental species kiiown, in the nymplial characters of tails and claws, 
it seems best to place them in a new genus, designated as Cioeodes 
gen. nov. This genus evidently does not incinde the South African 
sneeies, whieiHlielongs in still a different category. 


Genus Oloeodes gen. nov. 

Turbinate eyes of male extraordinarily large, set on rather high stalks (fig. 
20). Eyes of female larger, and set higher and closer together, than in Nearetic 
representatives of Pseudocloeon. Posterior margin of head of female distinctly 
emarginate. Pore leg of male only slightly shorter than body. Basal joint of 
fore taisiis of male very short; second joint longest, about equal to third and 
fourth combined. In decreasing length, tarsal joints rank; 2, 3, 4, 5, 1. Tarsus 
almost as long as tibia, which is almost twice the length of the femur. On 
middle and hind legs of both sexes, basal joint of tarsus very long, exceeding 
in length the three succeeding joints combined ; this joint fully half as long 
as tibia on middle leg, more than half the length of the hind tibia (figs. 45, 
45 A.). Tibio-tarsal joining indistinct. Hind wings absent. Marginal inter- 
ealarieis of fore wing occur in pairs, which in male are well developed; in 
female, one member of a pair often indistinct or wholly wanting, so that some 
iiiarghial spaces have but one intercalary. Cross veins arranged in three irreg- 
ular series across wing: 6 in apical series, about 12 in middle series. Posterior 
margin of pronotum almost straight. Apical margin of sternite 9 in female 
,-mt produced backward to form a subanal plate. Genitalia of male as in figure 
13. A dome-shaped or slightly truncate penis cover is present between the 
bases of the forceps. 

Genotype — Cloeodes maculipes sp. nov. 

from the type species. Other species placed in 
this new genus ( port oriamsiSf eonsi^natus and sp>) do not agree with the type 
as to the unusual length of the basal tarsal joint on the middle and hind legs,, 
but conform rather to the type of Pseudocloeon in this respect. The nymphs 
of and C. ap. are unknown; nymphs of C. portorieensis are very 

similar to tlaoso of 0* mamlipes. Bo oomignatus and G. sp. represent stift 
another genus! And what of portorieensis F 
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Key to Puerto Bican Species of Cloeodes 
IMAGOS 

1. Narrow longitudmal lines on femora and tibiae, dark spots at apices 

of fore femur and tibiae; wing 5% mm, in length mamlipes 

Legs without distinct markings; smaller species, wing 3“4% mm. in 
length- — , ^ 

2. Wing (female) 4% mm. in length; no marginal interealaries in first 

interspaces 

Wing 3-H14 mm. in length; marginal interealaries in first two inter- 
spaces variable _ S 

3. No marginal interealaries in first three interspaces; abdominal ter- 

gites of female with prominent, lateral, purplish red, spots; male 

not kiio'wn ^ — — consignatm 

Marginal interealaries usually present, though short, in second inter- 
space; abdominal tergites of male and female largely pal|, with no 
such purplish red, lateral, patches portoricensiB 

NYMPHS 

1. All three tails approximately equal in length, not dark-banded; claws 

not pectinate , 

Middle tail slightly more than one half as long as laterals; tails marked 

w’ith two dark bands; claws pectinate sp. No-, i 

2. Small species, body 3-4 mm. in length; labial palp 2-jointed, distal 

joint as in figure 24 portoricensiS' 

Larger species, body 5 mm. in length; labial palp 3-jointed, distal 

joint conical, as in figure 19 7m4i%Up€B- 

Cloeodes maculipes sp. nov. 

A creamy white species, with distinctive black markings on femora and 
tibiae. 

Male imago.— Body 5 mm.; wing 5^ mm. 

Turbinate eyes very large, set on rather high stalks; upper surfaces al- 
most circular (fig. 20). Stalk deep orange, upper surface pale orange. Head 
creamy white; faint blackish shading on median line ventrad of lateral oeelH*- 
A broken, reddish, ring at base of antenna ; basal antennal joint white ; base’ 
of filament reddish black, remainder silvery white. Thorax opaque whitishs 
meso- and metathorax with faint pinkish tinge. Faint brownish markings on 
antero'lateral areas of niesonotum; seutellum alabaster white. A short, blacky 
mark laterally, directly above base of wing; faint smoky pencilings on pleura^ 
along courses of tracheae. An olive-brown, transverse, band on mesostermim, 
between middle legs, traces of a similar band on prosternum; ventrad of hind 
legs, on metasternum, a narrower, blackish, streak. 

Legs creamy white; femora and apical portion of tarsi tinged with yel- 
lowish. A narrow, black, hair-line extends the length of each femur, on inner 
surface; a small, reddish, black basal spot on upper surface and a larger pre- 
apical one on inner surface; on fore femur, a small red-brown spot at apex^ 
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A narrow, red-brown, line extends the length of the fore tibia ; at the apex 
is a small black spot. Two longitudinal, black, dashes on middle and hind 
tibiae, one near base, one at center (fig. 45). Tibio-tarsal joining black. 
Wings hyaline j venation light brown, paler in the wing disc. Subcosta and 
radius dark brown at extreme base. Paired marginal interealaries distinct. 
Cross veins arranged in three irregular series across wing; none near margin. 
Stigmatic cross veins 3 or 4 in number, simple, somewhat aslant; white next 
to subcosta, so that they appear incomplete. 

Abdomen creamy white. Segments 2-6, also sternites 1 and 7, semi-trans- 
lucent ; tergite 1, and segments 8-10, largely opaque. A narrow, dark, red- 
brown, line marks the posterior margin of each tergite. Posterior margins of 
sternites opaque, but not darkened. A black line follows the tracheal trunk 
above pleural fold on each side; short, lateral, branches extend in both direc- 
tions from this line. Tails silvery white; in proximal half, joinings narrowly 
purple-brown, alternately wide and narrow at extreme base. Genitalia as in 
figure 13. It should be noted that the genitalia of the paratype seem to possess 
a baekwardly-direeted truncate process between the bases of the forceps; in 
the holotype this process is lower and somewhat dome-shaped. Genitalia of 
both specimens were treated in potash before mounting. 

Female imago — Body 5 mm.; wings 5% mm. 

Head and thorax light yellowish brown. A reddish black spot at apex of 
basal joint of antenna; apical margin of second joint similar in color; both 
of these joints yellowish. Antennal filament dusky brown, black at base. V- 
shaped maroon mark on vertex, above median ocellus. Two wide, purplish red, 
submedian, stripes extend from lateral ocellus to posterior margin of head. 
Eyes blackish. Posterior margin of pronotum black; purplish red markings 
consist of: antero-median triangle; small submedian dots; lateral markings, 
about four on each side. A wide purplish red streak on prothorax behind fore 
leg; this extends forward on to the coxa; a transverse band between legs, 
on sternum. On mesothorax, a broken band of purplish red extends forward 
from wing roots, to anterior margin of meaonotum; below this, at anterior 
margin, a shorter band of same color; from wing roots to base of middle leg, 
a longer band. Reddish markings also, around leg bases ; laterally on mesoster- 
num; a transverse band across sternum, betw^een middle legs. Ruddy shading 
on each side of seutellum. Tip of seutellum yellowish. Spine-like process of 
metaiiotiiin purplish red, likewise streaks extending laterad from it. Purplish 
markings around leg base; a transverse band on sternum, between hind legs. 

Legs yellowush. Each femur marked with a basal cross-band of purplish 
red on upper surface, and a pre-apical band of same color on lower surface. 
Tibiae marked as in male. Tarsi pale brownish in apical half; joinings nar- 
rowly darker. Costal margin of wing, to humeral cross vein, and bases of sub- 
eosta and radius, deep purpHsh red. All veins, and outer margin of wing, 
brownish; cross veins heavier than longitudinals; 4 or 5 stigmatic cross veins, 
slightly aslant. Marginal interealaries as indicated in account of genus. 

Abdominal segments 2-7 semi-hyaline, yellowish with extensive purplish red 
markings; segments 8-10 opaque, heavily shaded with reddish. Posterior mar- 
gins of all tergites with a wide purplish band; this band reduced to a narrow 
line on tergites 3 and 4. Tergite 2 largely purplish; a small, pale, spot at 
median area of posterior margin; lateral pale area next to pleural fold. Me- 
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dian areas of tergites 3 and 4 almost wholly pale. On tergites 2-7, a wide, 
oblique, lateral, stripe, deep purplish red in color, extends the length of the 
segment (on 4, this may be indistinct in posterior half). Pale areas laterally, 
on all tergites, next to pleural fold; a blackish line follows course of tracheae 
the length of the abdomen. Sternite 9 yellowish; sternites 6-8 overlaid with 
red shading. Sternites 1-5 pale yellowish; wedge-shaped, purplish, markings in 
postero-lateral areas of sternite 1 and 2; traces of same, on sternite 3. Tails 
missing, except a few basal joints. The two basal joints shaded with purplish 
red, next two yellowish; wide black band at each joining. 

Nymph — (described from slough of type specimen, with additional notes 
from nearly-matured nymphs). 

Head brown, with pale markings. Antennae "whitish, at least basally. Pale 
markings on median and lateral areas of frons: a pale band between eyes and 
bases of antennae; median line of vertex pale. Maxillary palp 2- jointed, ap- 
parently without hairs or spines (fig. 29). Labial palp 3- jointed; distal joint 
conical at apex (fig. 27). Thoracic notiim smoky brown; pale markings on 
mesonotum anterior to wing roots, the median line pale. Pleura and steruura 
pale; the former with prominent dark brown semi-lunar markings above base 
of each leg. Coxa and trochanter pale, often a brown band across coxa. Pemur 
brownish, with wide, pale, longitudinal, streaks at base and apex. Tibia and 
tarsus pale smoky; in certain lights, a dark, median, band is seen on tibia. 
All joinings narrowly darker browm. Claws without pectinations. Abdominal 
tergite 8 largely yellowish; tergites 4 and 7, and basal half of 9, yellowish 
with brown markings. Other tergites smoky browm; 5, 6, and apical half of 
9 often darker than basal ones. A pair of minute, pale, dots at median line, 
near center of segment, on tergites 1 to 3. Sternites paler than tergites, usually 
yellowish, more or less distinctly browm-tinged. Brownish shading near pleural 
fold; posterior margins often narrowly brown. Ollls present on segments 1-7; 
simple, obovate (fig. 42). Traeheation pinnate; blackish, very distinct. Tails 
three, the middle one only slightly shorter than the laterals; yellowish brown 
without darker markings. Tufts of very short hairs on each segment (on both 
sides of middle tail, on inner side only of laterals) appear like stubby bristles- 

Length: body 5 mm.; tails 2 mm. 

, Holotype — imago, reared from nympli ; Liiqiiiilo.Mts.,, P. .E., 
Jmie 14, 1935 (J, Garcfa-Diaz). No. 1402.1 ■ in CGrnelrllniversity 
colleetion. ■ 

; . ; ' , Allotype — Female,' imago,- Trout 's ’pool, El Yiinqiie -Trail, Luquiilo' 
June 12, 1935 (J. Garefa-Diaz). No. -1402.2, in Cornell 
-'.■'XJniY'ers-ity 'collection. 

, .Paratype,— Male imago,. reared ; . same -data.. No. 1402,3 in Co-meil 
, .eolleetioii. ■ - ■ , , 

nymphs of this' species were taken during 1935 
(J. Garcia-Diaz) in the Sabana River and the Hieaeo River, Rio 
.Blanco (Mch, 7) ; in La Coca Greek, the Lnqnilio Mts. (May 26); 
and at Griiajataca Creek (Mch. 22 ) . 
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Cloeodes portoricensis sp. iiov. 

Thorax and tip of abdomen dark red-brown; middle abdominal segments 
hyaline, white. 

Male imago. — Body 3-3% mm. ; wing 3% mm. 

Head red-brown; antennae faintly tinged with reddish. Turbinate eyes 
very large, prominent; upper surface oval; orange-brown in color, outer rim 
of upper surface dark brown. Thorax dark red-browm. Mesonota.1 scutellum and 
a small spot on each side of it, alabaster wdiite; a similar wdiite patch on 
scutellum of metanotum. Light tan markings on pleura, near sutures. Legs 
wholly pale, whitish. Wings hyaline; cross veins practically invisible. Costa, 
subcosta. and radius reddish brown at extreme base; a small brown spot at 
base of wing. Stigmatie cross veins 4 to 6 in number, simple, somewhat as- 
lant, often" ineomxilete except at the costal margin. Granulations in stigmatie 
area, extending over ax>ical x^ortions of costal and subcostal spaces, give ap- 
pearance of a ftnilky cloiul. Ho interealaries in first interspace; 1 or 2 may 
be present in second interspace, very weakly develox>ed; in remaining spaces, 
well developed but rather short. 

Abdominal segments 2~6 hyaline, white; joinings opaque. A double, black- 
ish, wavy, line extends along the sx>iracnilar area of tergites; a tiny, dark, dot 
on each line, at spiracle. Tergites 7-10 dark red-browm, but somewhat brighter 
and paler than thorax. Sternites 7-9 creamy wdiite, faintly tinged with browm- 
ish, especially near xfieural fold. Tails silvery wdiite. Genitalia as in figure 6. 


Holotype — Male imago; Lares, P. R., March 23, 1935 (J. G. 
Needham, J. Gareia-Diaz). No. 1401.1 in Cornell IJniversily col- 
lect ‘on. 

Para, type — 21 male images, same data. No. 1401.3-20 in Cornell 
coIleetioiL 


Seven female iniagos, taken in the Luqiiillo Mts. on Peb. 18, 1935, 
by the same eolleetors, may be of tins species. Body flesb-eolored, 
head and rnesonolum paler than abdom.en and remainder of thorax. 
Abdominal tergites rose-ting:ed ; jaosterior margins of segments pnr- 
plisli rose on each side of plenral fold, not elsewhere. Longitiidinal 
veins faintly brownish, Othewise similar to males. 


Siib inago males were taken at Lares, the Giiajataea River, ou 
March 22, 1935 (J. G. Needham, J. Gareia-IMaz). The following 
day, one male and several female subimagos were eaptnred at Ad- 
jimtas, (J. Garcia-Diaz). 

One male imago was reared, thus making it possible to correlate 
the images with certain strikiiigly-eolored nymphs which had been 
taken at several stations. ■ 


Nymph Head yellow; faint brown shading on vertex and occiput on each 
side of pale median line, also above antennae and median ocellus. Antennae 
pale, faintly darker at joinings. Maxillary palp two- jointed (fig. 30); labial 
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palp two- jointed, the distal joint expanded into a lohe on the inner margin 
and terminating in a sharp point (fig- 28). Thoraeie iiotum yellowish brown 
wdth darker markings in female, darker brown with pale markings in mature 
male. A ivell-marked male shoiv a pale thoracic median line; yelioiY snbnieflian 
blotelies on posterior margin of pronotum ; a trident-shaped pale marking at 
middle of mesoiiotum, the points directed forward ; a band across the 

seutelluni: large, diffuse, yellow, markings betiveen the wing pads, and a few 
small spots anterior to wing roots. In some specimens, the arms of the pale 
trident become much widened, so that a large area on each side of center of 
mesonotiiiii is yellows Pleura and sternum yellowish. Prominent dark browm 
semi-lunar markings above bases of legs, and a small, dark, median, spot on 
anterior portion of mesosternum. Dark, median, and lateral, patches on meta- 
iiotiim. Legs yellow. A small, dark browm, ^‘knee spot’^ and similar dark 
spot at tip of tarsus; other joinings narrowiy darker. Claws not peetinate. 

Abdominal tergites 1, 4, 8 and 10 almost wholly yellowish ; tergite 5 yel- 
lowish in median area, brown laterally; remaining tergites largely brown, ex- 
cept for round, yellow’’, median, spot on 2, 3 and 6. Crescentic browm mark on 
anterior portion of tergite 4; similar but wider mark on 10. Posterior mar- 
gins of all tergites narrowly dark brown; a small, dark, mark at base of each 
gill. Steimites pale yellowish; niarghis of apical segments very nar- 

rowly brown. Gills single, obovate, broadly rounded at free end; tracheation 
pinnate (fig. 43). Tracheae gi*eyish purple, rather indistinct; main trunk often 
forked near tip, lateral branches few and w'eak. Tails three, 
ecpial in length and thickness. "Whitish, with an amber tinge which becomes 
deeper tow'ard apex. Joinings opaque, faintly amber. 

Length: body 3-4 mm.; tails 14^-2 mm. 

Siieeimens of this sx:)ecies were eolleeted during 1935 (J. G. Need- 
ham, J. Gareia-Diaz) at the following xi^dees : Lares, Guajataea 
Creelv, Meh. 22; Quebrada Tomey, Fek:21; Rio Cidra, Ad'jniitas, 
IMeh. 21; U'tuado Road, Mch. 13; and Hieaco RiYer, Mcli. 7. 


Oloeodes consignatus sp. hoy. 

Female imago. — Body 34^ mm.; ■vving 3 mm. 

Head largely suffused wuth purplish red. Thorax creamy yellow. Lateral 
and anterior areas of pronotum with extensive purplish red-markings; pleura 
largely purxdisli red. Scntella of meso- and metanota, and all elevations of 
notiim, alabaster white. Sternum yellowish with alabaster white markings, lat- 
erally.' . Fore and .middle legs, missing. Hind legs very 'pale yellow, ua.marked. 
Wings hyaline.;, , longitudinal .veins 'very pale, amber; a small,, purplish red, 
spot on humeral cross' . vein, and bro^vn shading at extreme base, of costa, .sub- 
costa, , and radius. .No marginal intercalaries in first three interspa.ees; none, 
ill any space beyond media, usually a single intercalary only in spaces between 
branclies of media; elsewhere interealaries are normal, x^aired. Stigmatic cross 
veins 4 to 5 in number, strongly aslant, usually incomplete toward costa. Ab- 
domen w^hite; segments 1-7 hyaline, ^10 semi-opaque with distinct yellow 
tinge. A faint, blackish, double, line extends the length of the spiracular area. 
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Above thiSj on eaeb tergite, a prominent rliomboidal purplish red spot; below 
it, 021 each sternite, a curved, purplish red mark. Tails missing. 

Holotjpe — Female imago; Yunez Eiver, P. E., June 21, 1935 
(J. Gareia Diaz). No. 1403.1 in Cornell University collection. 

Cloeodes sp. 

Female imago. — Body shrunken; wing 4% mm. 

Head yellowish; posterior margin blackish. Antennae yellow; joinings of 
basal segments reddish. Thorax yellowish, shaded rather heavily with reddish 
on pronotimi and pleura. Legs yellowish vrhite, unmarked. Wings hyaline, vena- 
tion very pale brown. Humeral cross vein, extreme basal portions of costaj 
subeosta and radius, and small area at base of middle veins, reddish brown® 
Stigmatic cross veins 3 or 4 in number, aslant. No marginal intercalaries in 
first two inter spjiees; behind media these intercalaries single or absent, Ab-* 
domen hea^dly shaded with reddish, except middle of venter and dorsum, which 
are yellowish, hyaline; posterior margins of tergites, and of stemites neai 
pleural fold, reddish black. Two black lines extend the length of the pleural 
fold. Tails missing. 

Taken in Liiqiiillo Mts., P. E., Feb. 18, 1935 (J. G. Needham, 
J. Garcia-Diaz) . It is quite possible that this is the female of C. 
porirtrieensis, rather than the paler specimens taken on the same date, 
which are briefly described under that species. 

?? Cloeodes sp. No. 1 

Nymphs which superficially resemble those of Baetis garcianm, but with 
hind wing buds wholly lacking, and distal joint of labial palp lobed, as in 
figure 16. Probably do not belong in this genus. 

Nymph. — Head pale reddish brown; median line of vertex and occiput, and 
epicranial suture, faintly pale; a dark brown spot on each of first two basal 
joints of antenna. Maxillary palp two-jointed (fig. 31); labial palp likewise 
two-jointed, distal joint mitten-shaped, as in figure 26. Thoracic notum light 
reddish brown, median line paler; indistinct, paler, markings laterally on pro- 
notiim, and on niesonotum anterior to wing roots. Pleura and sternum paler 
than notum; dark areas on pleura above leg bases. Legs yellowish. Femora 
faintly tinged with smoky, and with a brown spot at apex; claws pectinate. 
Abdominal tergites quite uniformly light red-brown, somewhat paler next to 
pleural fold; in some specimens, tergites 9 and 10 are slightly paler. Inter- 
segmental areas yellowish. Posterior margins dark brown; postero-lateral an- 
gles shaded with smoky brown, and with a dark dash at base of each gill. 
Indistinct, paler, markings are visible on some specimens, as follows : anterior 
portion of median line; spot on anterior margin halfway between median line 
and pleural fold; round, submedian, spot on each side, at about center of 
tergite. Two short, dark, transverse, dashes on anterior margin, one on each 
side of median line. Stemites somewhat paler than tergites; on each, a narrow, 
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dark;, transverse, line on anterior margin^ in median area only. ' A distinct, dark^ 
spot at each spiracle, and a dark line leading forward from tMs to anterior 
margin, are faintly seen from dorsal view, but are miieli more evident on ventral 
■surface. Gills single, obovate, intermediate ones asymmetrical as in Baetis gar* 
eianus, but slightly longer and less rounded at apex. Traelieation pinnate, very 
indistinct; only the basal portion of main trunk is dearly evident. Tails three; 
yellowish, crossed by two prominent black bands, the distal of these being the 
wider. Middle tail slightly more than half as long as the laterals. 

Length: body 4-5 mm.; tails 3 mm. 

Specimens of this species were taken during 1935 ( J. G*, Needham, 
eJ. Garcia-Dlaz) at Utiiado Road (Meh. 13) ;. Rio Blanco (Mch. 6); 
La Joba Creek at-R-io Blanco (Meh. 8); Cagiiitas River (Mch. 4) ; 
Carreres River (Mch. 9) ; small creek near Jayuva Road (Mch. 24) ; 
and the Liiqiiillo Mts. (Feb. IS, May 26). ,, 

Cornell University, Nov. 30, 1936. 
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Explanation op Plates 
Plate I 

Pig*. 1. — Neohagemdus jidio. Male imago ; wings. 

Pig. 2. — Bormquena carmendia. Female imago ; tip o£ abdomen, 
showing long ovipositor. 

Pig. 3 . — Neohagemdus jidio, Male imago; genitalia. 

Pig. 4, — Borinqiiena earmencita, Male imago; wings. 

Pig. 5. — Baefis gardanus. Male imago; genitalia. 

Fig. 6. — Cloeoelss portoricensis. Male imago; genitalia. 

Fig. 7. — Neohagemdus tmefns. Female imago; tip o£ abdomen, 
ventral aspect, showing egg valve and subanal plate. 

Pig. 8 . — Borinqiiena carmendta. i\Iale imago ; foi^eps base and 
portion of basal joint of forceps. 

Pig. 9. — Baefis gardamis. Male imago; hind wing. 

Pig. 10 . — Bormquena carmendta. Male imago; hind wing. 

Pig. 11. — Neohagemdus jidio. Male imago; hind wing. 

Pig. 12 . — Bormquena carmendta. Male imago; genitalia. 

Pig. 13. — Cloeodes maculipes. Male imago; genitalia. 

Plate II 

Pig. 14. — Neohagemdus jidio. Nymph; tibia of third leg. 

Pig. 15. — Neoliagemdus luteolus. Npnph; tibia of third leg. 
Pig. 16. — Neohagemdus jidio, N\miph; femur of fore leg. 

Pig. 17. — Neohagemdus luteolus. Nymph; femur of fore leg. 
Pig. 18. — Nediagenidiis luteolus. Nymph ; gill from third ab- 
dominal segment. 

Pig. 19 . — Bormquena carmendta. Nymph ; gill from third ab- 
dominal segment. 

Pig. 20. — Cloeocles maculipes. Male imago ; lateral view of head. 
Pig.' 21. — -Neohagemdus jidio. 'Male imago; lateral view of head. 
Pig. 22, — Boringuena earmeneifa. . Male imago; lateral view, of 
head.., ... 

, Pig.' 23— Baefis gardanus. Nymph,; ,gill from fourth abdomiiial, 
segm.e,nt. , : 

. Pig.' 24.- — Baefis sp. No, 1. 'Nymph; gill from' fourth abdominal 
segment.'" 

Pig. 25— Baefis sp. No. 1. Nymph; labial palp. 

Pig. 26.— '? Cloeodes sp. No. 1. Nymph; labial palp. 

Pig. 2t.— Cloeodes mmuUpes. Nymph ; labial palp. 

¥ig. 2S.— Cloeodes portoricensis. Nymph; labial palp. 
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Fig. 29. — Cloeodes niacidipes. Nymph maxillary palp. 

Fig. 30.' — Cloeodes portoricensis. Nymph; maxillary palp. 

Fig. 31. — ? Gloeodss No, 1. — Nymph; maxillary palp. 

Plate III 

Fig. 32. — Borinqiiena carmencita. Nymph ; labium. 

Fig. 33. — Bonnqiiena con<traddcens. N 3 rmph; detail of canines 
of mandible. . 

Fig. 34. — Borinqiiena- eontfadicens. Female subimago; tip of 
abdomen, lateral view. Ovipositor somewhat flattened out. 

Fig. 35. — Borinqimm coniradic^^ Nymph; maxilla. 

Fig. 36. — Borinqmna contradioens, Male imago; penes, enlarged. 

Fig. 37. — Borinqiiena carmencita. Male imago; tip of abdomen^ 
lateral aspect, showing the very long forceps. One tail omitted. 

Fig. 38. — Borinqiiena contradioens , Nymph; hypopharynx. 

Fig. 39. — Borinquena contradicens. Nymph; gill from third ab- 
dominal segment. 

Pig. 40. — Borinqiiena condradicens. Nymph ; labrum. 

Pig. 41. — Borinquena contraddeens. Male im.ago; genitalia. 

Pig. 42. — Cloeodes macidipes. Nymph ; gills of second and third 
abdominal segments; shomng abdominal segments three, four, and 
five. 

Pig. 43. — Cloeodes portoricensis. Nymph ; gills of second, third, 
and fourth abdominal segments; showing abdominal segments three 
to seven. 

Pig. 44. — Neohagemdus jidio. Male imago; penes, enlarged, one 
side distorted, showing what appears to be long, slender, spine on 
inner margin. 

Pig. 45. — Cloeodes mac ulvpes. Male imago; third leg. A; same, 
enlarged. . , 

Pig. 46. — Neohagemdus luteolus. Nymph; claw of fore legy 

Fig. 47. — NeoJuigemdus luteolus. Female imago; hind wing. 

Pig. 48.- — Neadiagemdus Uiteolus. Nymph; labium. 

Pig. 49.— luteolus. Nymph; mandible. 

Wig.NiO.~~Borinquena contraddaens.^ M imago; hind wing. 
B; same species, female subimago, showing tip of wing folded over. 
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AM ECOLOGICAL SURVEY OF THE FRESH WATER 

INSECTS OP PUERTO RICO 

1. THE ODOKATA; WITH HEW IIFE-HISTOEIES 

Julio GARciA-BfAz, 

University of Puerto Eieo, 

Veiy little inteiislYe work lias been done in the fresh water fauna 
of the Island. The Fish Commission Expedition to Puerto Rico in 
1900 said: . An examination of the literature pertaining to 

the Natural History of the West Indies showed that .comparatively 
little was known concerning the fishes, and scarcely anythmg of the 
other acinatie animals or of its aquatic flora.’’ Although the condi- 
tions at present are not so critical in the entomological field because 
of the work of Howard, Dyar and Knab (1912), Dyar (1928), Cur- 
ran (1928) (1931), Leng and Mutchler (1914) (1917), Barber (1923) 
and Needham and Pislier (1936), who included in their publications 
the aquatic insects belonging to the groups discussed; as well as 
the articles published by other authors like Tower (1912) (1921), 
Hoffman (1925), Root (1929), Earle (1930), Wells (1930), Bradt 
(1932) and others, the aquatic insects of the Island are far from 
well known. Two other workers, Klots (1932) and Alexander (1933) 
have contributed greatly to the knowledge of the insect aqnatie fauna. 
Alexander states in his paper that the reduced number of species 
must be due to lack of collecting rather than to the searcity of 
species. His contention has been corroborated by the material he 
most kindly determined and shown in appendix A. A glance through 
this, which shows the determinations made up to the present time 
by tlie >spedalists to whom material has been submitted, supports also 
the statement made before. 

In spite of the small size of the Island its fresh waters harbor 
species of all the phyla which in similar environments occur over the 
world. Protozoans, coelenterates, platyhelminthes, nemathelminthes, 
(annelids, molluses, arthropods, and. vertebrates, all of them, in their 
adult or developmental stages have representatives in the different 
fresh water habitats of . the Island.' Among the aquatic inseets there 
are members of .all orders having them, with, the only possible. 'exeep-. 

. *■ nimnological ' of Ootnel ; tJiiiversity. 

.Dop.artinent o.f Biology, Uiiiyersity 'of Bperto Rico, No.. 9; ■ 
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tioii of the Pleeoptera. Very striking: is the apparent absence of these, 
wliieli must be attributed to their impossibilty, beng poor flyers^ to 
reach the Island. This seems to be the only factor because places 
where they could live are plenty all over. 

The habitats for all these species vary greatly, from the rapid, 
turbulent flow of the rivers in the higher levels of the Island, through 
the slow moYiiig courses of the same along the coastal plains to the 
few small staiidiiig lakes, lagoons, pools and marshes. 

Puerto Rico has been called the land of the rivers, possibly 
rightly so, if one considers that' on its 3,500 square miles there are 
about 1,500 streams althongh not all of them are really rivers. The 
inajority are tributaries to about 80 or 100 larger ones. The high 
altitude of th^ inoiiniains, attaining heights of over 4,000 feet, when 
taken in consideration to the width of the Island which is only about 
35 miles, make these rivers exceedingly rapid when cutting their 
way tliroiigli tlie gorges of the central moiiiitains range. The placing 
of the chain of iiioiiiitains ('Pig. 2), which has. been secondarily 
deterinined by erosion as shomi by Meyerlioff (1933), about two 
thirds away from the northern coast, has a decisive influence upon 
the nature of the rivers. Rainfall, due to the placing of the moun- 
taiiis in relation to the prevailing winds during the year, is most 
eominoii on tlie north side where it may attain a maximum of 140 
inches on Alt. El Yiinque. Corresponding areas on the southern 
slope may get only 100 inches and sometimes go through periods 
of drouth. Thus the rivers udiich flow into the north and west have 
longer courses and are less rapid than those on the southern and 
eastern ; side. The longest' river of the first .group may attain a 
length of 40 miles while the corresponding one of the soiitliern side 
would -be less than half that length. The ii-ortlierii rivers usuall}’ 
have a permaiient flow of water, while, those on the opposite., side 
may dry up eomp'ietely during sometime in the year. The. beds of 
.these rivers vary greatly. There, are some rocky ■ ones with prae- 
tially no loose stones in them high up- in the mountains; others are 
grareby -with small and medium sized boulders along th-eir .middle 
courses and lastly that portion close to their mouths where sand}^' 
and silty bottoms are found. The beds of those on the soutiiern 
slopes, although similar to the ones, last mentioned, are more rockj^ 
and the boulders are more common in them. 

To the mechanical and -climatological factors determining the 
nature of the rivers has to be .added the influence brought -about., by. 
the altering of natural € 0 .nditioiis through hiimaii,.activity. The. ..Is- 
land. beiiig heavily populated 'has -been completely deprived of most 
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of its natural forests. So a few hours of rainfall may cause tlie 
rivers to swell and small streams of water soon become imposing 
torrents. But with the same rapidness with which they swell do 
they return to their normal volumes. This rapid riin-off wmshes into 
the rivers considerable amounts of silt and mud. Beeaiise of this, 
although at the higher levels the water soon becomes clear and trans- 
parent, in the low^er places it may remain muddy for days of even 
wueks, depending on the duration of the rain. This mud has settled 
and filled the bottoms of some rivers which are no longer navigable 
to small boats as they used to be. This sudden variation in volume 
of the lovers is nicely showm in their beds which usually are dual 
in naiure. The one w'here the river normally and continually runs 
and a Avider one marked by the effects of the rushing waters during 
floods. Sometimes during this period water is belt along the 
(s:iges of the rivers in the lower lands and boles close to them, and 
pools and marshes, some temporary others permanent, are formed. 
Upon reaching ihe sea the tide tends to keep them back and part 
of tlieir course, for some distance up, is rendered more or less brackish. 

The plant life oeeuriiig in the rivers and along their edges and 
seiwiiig as food for the vegetable feeders varies at different levels. 
High lip in the mountains are found very few plants: only the 
algae, desmids and diatoms wdiich are capable of clinging to the 
rocks in the swift running w’aters; in the slower running ones on 
wet stones and along the edges, are found the mosses and hver- 
Avorts together Avitli some ferns and higher aquatic plants, LoAver 
doAAui in the less rapid Avaters the most eominon and easily seen 
aquatic plant is Potamogeton besides the algae and icAA^er forms, and 
along the edges are most eommonly found ‘‘Malojillo'’, Fanieum sp., 
Polygonum sp., and sedges and rushes ; close to their mouths, where 
there is a very sluggish flow, the “ flor de agua^’ Gastalm ampla Salisb. 
makes its Avay farthest toward the center of the river, A?hile farther 
back along the edges and marshy places the eat-tails Typha angMsU- 
folia L. and taller sedges like Marisciis jamaieensis (Grants) Britton 
and other smaller ones are seen together wuth other aquatic and 
semi-aquatic planis. 

There are no true lakes on the Island. The only one whieli ap- 
proaches this type of body of water is the one near Manati called 
Tortiigiiero Lake. It occupies an area of 4 by iy 2 kilometers, has 
no permanent infloAv of water and fills up only during the rainy 
season from the waters of the nearby small hills called *hnogotes''. 
It is subject to great variations in its level, although it has never 
been known to dry up completely. I have seen its Avest end entirely 
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dry ill Aiigaist and walked along places wliere it would liave been 
impossible to do it in March when Doctor Needham and I collected 
at the extreme w^est end. The shore line on its southern side had 
receded no less than 25 feet from the original one where collecting 
had been done during Fehriiary and March, Notwithstanding its 
variations, acinatic insect life is alwmys abundant along the shore. 
The lake has no natural connection wdth the sea and altliongli very 
close to it, its ivaters are fresh. There is the possible exception 
of those of its nortliern shore where coUectiiig of insects forms was 
remarkably poor compared mth the southern shore. Possibly the 
wind and a certain degree of brackishness were responsible for this. 
There are two pipes leading from the lake to the sea by means of 
'wliieli it is , drained wdien the w^ater level gets too high. The aquatic 
plants W' liielp oeciir in it and along its shores and serve as food and 
shelter to aquatic insects have been discussed by Cook (1928). A 
sphagnum. S. cnispidatimi var. serrulatum Sclilisph, kindly deter- 
mined by Dr. LeEoy Andreevs, was found by Doctor Needham along 
the southern shore of the lake. 

The next larger body of W'ater approaching a lake is Cartagena 
Lagoon. It is riiueli smaller in size than Tortiiguero and as indicated 
by Danforth (1926) subject to wide variations in its wmter level. 
Cook (1928) also mentions this fact and states that in 1926 in a 
period of about tivo months the shore line had gone back about ten 
meters. ' There are records of itdiaving dried up completely. Like 
Tortugiiero it has not permanent inlet of water, neither an outlet 
In cases when heavy rainfall fills it most completely Danforth (1926) 
says it overflows and the excess reaches the sea through the Boqueron 
'liver and its tributaiies. The plant life found here is similar to 
the one of Tortugiiero Lake and has been also discussed by Danforth 
and Cook. A remarkable dilference in. a species of the open water 
■was. that of Nais sp. which Danforth states in one instance nearly 
elioked the lagoon. When Doctor Needham and I were there Nais 
was not sc> ccnimon but its place wms ocupied by Oeratopkyllum sp. 
vrliicii was very thick. Cartagena- Lagoon like . Tortuguero Lake, 

, liarbors a numerous, fauna o,f- aquatic insects as well -as other fresh. 
' W’ater forms. 

There are a few, other smaller lagoons along the northern coast. 
Also those like that of Cuanica and two smaller ones near Cabo 'Rojo. 
Some eolleeting was done in them but they do not' seem to compare 
in any way to the larger two. 

Swamps are' mos-t eo^mmon along the. northern shore. ^ The largest 
-one IS' 'Ca,no , Tiburones between Arecibo and 'Barceloneta. ' Tbrougb 
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its natural outlet by way of Arecibo Riyer ; tbroiigh the canal wMeli 
has been opened at its east end and leads into the Manati River^ 
and tliroiigh the many ditches and canals made trying to drain it as 
indicated by Cook (1926), a large area has been rendered salty. The 
waters are not fitted for all fresh aquatic insects and only the hardier 
ones seem to be found there. Very little or practically no coHecting 
has been done here. 

A peculiar and highly specialized fresh water habitat on the 
Island is represented by the sink holes near Isabela. A dry region, 
generally speaking, these sink holes which retain the ivater of the 
few .showers, offer the only place for aquatic aiiinials. Some of them, , 
in Aiigiist, were nearly dry, others completely choked mtli the “flor 
de agua’' and dechiiguilla de agua’^ (Pistia atrafiotes L.) while others 
bad some water in them. All at the time mentioned, were very 
muddy and did not look very promising for collecting. Yet, they 
yielded heavily both in number of species and in individuals. Be- 
cause of the nature of the surrounding country the water of these 
sink holes has a high alkalinity and possibly this may have some 
effect upon their inhabitants. 

An additional habitat for the fresh water fonns is the one offered 
by the irrigation systems developed in some parts of the Island. 
What is the nature of the forms limng here I do not know since not 
much colleeting has been done in them. I have collected mayflies, 
Baetinae, in a small, tenij)orary system near Fajardo. If in such 
a small one as this mayflies w^ere collected, there is no doubt that 
the more permanent ones of Isabela and Juana Diaz would certainly 
yield much more. Their importance in upsetting natural conditions 
through the agency of fresh water forms living in them has been 
pointed out by Earle (1925) (1930) who warned of the d.angers of 
the extension of malaria on the Island due to the breeding of mos- 
quitoes in the temporary .pools formed in the irrig,ation ditches." 
Hoffman also believes they will' he means for the ..distribution and 
spreading of Schist osomiasis as it may have happened , already , in 
Guayama and adjacent places, hy .offering breeding and living 'places, 
for Planorhis sp., the snail' w^hieh is -the interin.ediate host' of the 
latter disease. 

. With such a. variety of environment in .which. to live, fresh water 
forms, and thereby aquatic insects 'm.ust be numerous. How has it 
been possible to miss, up to this .dime, some of them, is more than 
.an. usual happening, which man be accounted for only by the absence 
of, an intensive collecting. Mayflies, although not so common on the 
lowlands, are certainly numerous along the creeks in the higher areas 
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and no .citalion, but witli only one exception, is found in current 
literature about tlie group. This is in strong contrast with the find- 
ings of Dr. J. R. Traver as shown in Appendix A. 

The two hundred vials which contained the material collected by 
Dr. James 6. Needham and myself during the months of February 
and March 1 together with those accumulated hr me during periods 
of irregular eoliecting, when finally sorted turned into two thousand. 
Prom their contents have come out a number of additional records 
as well as additional new genera and species which I hope may be 
a. stiniiilus to further the interest on the Island’s fresh water fauna. 

Interesting and important as is the determination of the existing 
species there still remains a no less during and satisfying . phase of 
the work. Set in a peculiar environment, due to special physio- 
graphical aiKl biclogical conditions together With the fight among 
themselves for food, shelter and ability to perpetuate their kind by 
ineaiis of reproduction, with the ensning struggle for existence, each 
one of these groups has developed siiecial means of meeting condi- 
tions for the aforesaid purpose. To study their occurrence, distribu- 
tion, relationship and some of their adjustments and how they have 
developed is a most fascinating enterprise. The pages to follow 
are a most humble start in one of the groups. The discussion is based 
on part of the material collected by Dr. James 6. Needham and 
myself. He not only determined the species bat placed at my dis- 
posal the notes and records which he made during his stay on the 
Island and upon which I have drawn. For his wise counsel and 
many kindnesses during our long association, I will be always greatly 
obliged. A similar obligation and appreciation is herein expressed 
for all the specialists who have determined the material inciuded 
under their names in Appendix A as well as to those others to whom 
some material has been submitted and is under way of determination. 
My thanks also to ail others who in any direct or indirect way have 
helped me duripg my work. The drawings on- plates lY, Y and YI 
were done by Dr, Yelma Knox, and the wings on plate YII were 
photographed by Blr. Archie Hess. To both of them my sincere 
thankst' 

ODONATA 

The dragonflies are among the insects most commonly seen in 
Puerto Rico. How Ledrii (1810) failed completely to report in his 
list these insects is not understood. In any open space, along the 
many rivers on the Island, along the shores of the lakes, lagoons, or 
temporary pools fly these conspicuous forms of insect life. There are 
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some that are not so easily spotted due^ to their habits of keeping in 
shady ■ places or else among the plants close to the bodies of water, 
which are easily missed unless specifically looked for. 

The iiiiiiiber of species, forty-three, herein discussed is considered 
small if compared with those of Cuba. Doctor Klots (1931) in her 
exeelleiit paper on the Odonata of Porto Kico and the Yirgiii Islands 
attributes this reduced number to the scarcity of breeding places but 
''the fact of Cuba's longer association with the continental land mass 
and of Porto Rico's earlier isolation" should receive further eon- 
sicleration. This earlier isolation preventing the arrival of some 
forms, together with the subsidences and upliftings of Puerto Eico 
which brought changes in climate and habitats, these latter ones 
especially along the coast, may have been factors determining the 
odonate fauna. Extiiietion also through the action of the stronger 
odonates feeding upon the weaker, as well as destruetion brought 
about by other animals, may have been deciding factors. Schmidt 
(1930) in discussing the amphibians and reptiles n^^ntioiis some of 
the preceding factors, and although there is a great difference be- 
tween these forms of animal life and insects, still there is a possibility 
of considering them. Taking in consideration the number and nature 
of the rivers on the Island, as well as lagoons and other swampy 
places, I think there are enough breeding places for supporting a 
larger number of species than those at present in existence. Puerto 
Rico, at least on its northern side, is amply supplied with rivers- 
wiiicli do not dry up during the entire year and also there are a 
few lakes •wliich eoiild be used as breeding places. It is true that 
lakes are scarce and only one, Tortiigiiero Lake, has never been 
known to dry up, but the rivers with their rapid running waters- 
high up in the mountains and their sluggish eoiirses along the 
coastal plain could afford places to lotic and static species wherein 
to breed. Wilson (1911) while discussing the Odonata of Jamaica 
|)oiiits out the influence of the nature of the rivers of the Island 
in keeping the majority of the species" confined to the immediate 
vicinity of the isolated ponds and quiet streams". 

There is the possibility of the extinction of some of the species 
.. originally occurring on the Island. . ' The ease' of Protonenm mpillaru 
Leptabuds vaciUaMs fai'ling to be collected together with .all the: 
other forms reported from the Island tends to show something along' 
this line. This consideration is highly questionable since there is 
al-ways the possibility of not having hit the places where these 
forms breed. A specimen of the former was collected in a house, 
flying to lights, in Hato Rey, near Rio Piedras, by the author about 
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six years ago. but uiiliiekily lie ' failed to state definitely the date 
when eaiight and it was impossible to do it years afterward when 
tile speeiiiien was determined. No other specimens have been ever 
collected. This is also the ease with Leptohasis. 

Taking as a basis all available records, those published as well 
as those based on the collecting done by Doctor Needham and the 
author, a seasonal distribution of the Odonata of Puerto Rieo has 
been considered. Fig. I shows this distribution. Taken as a whole 
there seems to be no seasonal distribution of the Odonata. There 
.are extreme cases which tend to show the contrary, hut a more inten- 
sive eollectiiig and detailed observations in the biology and ecology 
of those forms may modify such views, Yery little has been done- 
along' the ecology of these insects on the Island, most of the informa- 
tion available being only along strictly taxonomic lines. In the im- 
possibility of formulating any reliable general statements the in- 
dividual species will be discussed later, always condtioned by the 
need of further observation and more widely spread collecting. The 
maps. Pig. 3 and 4, showing the eollectiiig places give the im- 
pression that the Island as a whole has been fairly covered. But 
in a majority of those placed no intensive collecting has been carried 
out and when this is done changes and modifiications of present con- 
ditions are, certain to crop out. 

An altitudinal distribution of the forms was also tried as shown 
in Table II. As in the previous eases and for the same reason 
it is impossible to make general statements. The different species 
of Anisopiera upon Yhieh data are available may be grouped into 
four main divisions: (1) above 2,000 feet: MacroiJiemis celeno and 
Smpama fromtalis. Nymphs of Dyikemis nifinervis have been col- 
lected also above this level. If a nymph collected in, Buena Vista 
Camp in Marieao Forest Reserve is an Aeschfm^, as it is being as- 
sumed, there would have to be added to this group AesoJma cornigera 
which is the., species reported from the Island. Adults of the latter 
have been collected in the , next ' division. ■ (2) Above' 1,000 and up 
to 2,000 feet: Aesclina cornigera, A^mx Dyfhemis refinervis^f 

Eryihmdiplax connaia justimmu, Eryihrodiplax umhrata, Lepthemis 
msienlosa^ Orihemis ferrugima^ Tramea abdomimlis^ mid ' Pantala 
fiaveseens, (3) Above 500 and up to 1,000 feet: Erythemis pleieja 
and Tmmeu Mnotata, (4) Prom sea level up to 500 feet: Rmc%- 
mesia IierMda^ Canmaria furcaia, Goryphmschm adnexa, Erythrodi- 
plax mimisctilay Idiaiaphe mhemis, Miatkyrm ma/rcdla, Mierathyria 
aegmilis, dlicrathyria- dissoeians, Peritkemk domitia and Tramea 
ontisia. Here should also be added awia^li known only from 
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tlie Island by its nymph and Acanthagyna nervosa of which there are 
no available records as to adult distribution^ but Doctor Edots' 
(1932) supposition of a nymph would place it in this group. If from 
group 3 and 4 are removed the two Trameas and placed in group 2 
where the other oeciirring on the Island has been found and also 
CoTyijhmsclma adnexa which because of being a strong fiier could 
easily go to higher levels, there would be a possibility of reducing all 
forms to two main divisions: those capable of trespassing the 1,000 
feet level and the other below this altitude and possibly restricted to 
the coastal areas or lower levels of the Island. 

Ill the Zygoptera, Table II, three main gi'oiips have been found: 
(1) Above 2,000 feet, Telelmis vulnerata is found, (2) Prom 1,000 
to 2,000 feet with Teleias-is dammicmiwn and EmUag^ia civile as 
adults plus Enallagma eoecum and Lestes forfixtda as njuiiphs in- 
cluded. (3) From sea level up to 500 feet comprising Anonialagrion 
kastaticm, ArgiaUagma minuftmi, Ceratura capreola, Enallagma cul- 
tellatum^ Isclmura rmnlourii, Lesfes forficulaf Lestes scalaris, Lestes 
spmiarim, and Frotomnra eapilkms. If from group three, as in 
Anisoptera, are removed the Lestes included, and Enallagma mltella- 
turn, placed arbitrarily with the other Enallagmas, there could he also 
two main divisions : those not trespassing the 500 feet and the ones 
going higher than the 1,000 feet level ; the geographical regions corre- 
sponding to those indicated under Anisoptera. 

Because dragonflies are strong fliers the altitudinal distribution 
of adults has not a great meaning unless it is correlated with the 
same distribution of their nymphal stages. The ineomplete knowl- 
edge of distribution on the island of such stages makes impossihle, 
except in individual eases later indicated, such correlation and the 
preceding discussion will be, no doubt, greatly modified as more data 
are accumulated. . , 

Little could be said about the horizontal distribution of Odonata, 
especially along the lower levels, due to the ability of the adulte to 
iiy .for very long distances. , But there Iseems to be vSome forms which 
are strongly localized as shown by the collecting done up to the present 
.time., :Here would belong Cemtura capreola md ArgiaUagma nnim- 
among the Zygoptera and Idiatapke cnhensis among the Anisop- 
tera. A decided ease of localization was observed in the Guajataca 
River near Lares about 1,000 feet above sea level. Here were col- 
lected njmphs of DytJiemis nifinervis and Scapanea frontalis in large 
numbers. A distance of two feet determined the species to be ob- 
tained. In a small pool, with its bottom covered with fine sand and 


^ See note at end. (page 85.) 
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silt, were to be eoilectecl the nymphs of the first. So niiiiierous were 
they that they" eoiild be seen throiig’li the clear water, riiniiing in 
front of the net. Two feet below in the small riffles and clinging to 
ilie loose stones and pebbles' of the gravelly bottom one could ob- 
tain only the nymphs of Scapanea. 

It is a very striking fact the absence of the larger forms of 
xliiisoptera like Anax, ChryiAiaeschna and others when compared with 
the siiialier forms of the same suborder normal h" flying as adults ail 
over the Island. Among the Zygoptera it is also noticed the rela- 
tive absence of the Lesfes spp., tbe largest Zygoptera. on the Island, 
wlieii coinpared with the rest of the members of this suborder. 'Wil- 
son (1911) noticed also this fact while collecting in Jamaica. The 
factor deteriiiining this condition is not clearly iinderstood, more so 
ill the ease of Amx jimius. This species has been found in the 
iiymplial stage in pools and in Tortuguero Lake where due to its 
large size it could have easily lived in eompetition with smaller forms. 
Yet the iiuinber of adults when compared witii the rest of the forms 
in tlie mentioned lake was exceedingly low. A similar situation 
exists with Ooryphaesehna : lots of nymphs were collected by Doctor 
Needham and the author in Tortuguero Lake, but not a single adult 
was seen. It could be thought that the season for transforming had 
not been reaclied, but in no <^ase of the many occasions the author 
lias been on the mentioned lake, has he seen the large anisopterans 
^dio'Wiiig ii'p. 'Possibly the large size of the nymphs make them easy 
pray to other more aggresive enemies or to some parasites, or either 
the: adults have scliidd habits and keep among the plants and trees 
,cioe:C to tlie breeding 'places. 

■T'he geographical distribution of the odonate fauna of the West 
Indies, and thereby of Puerto Bico, has been discussed by de Selys 
(1856) who hi placing the odonata fauna of Cuba at tliat time con- 
sidered it closest to that of Florida and South America. He pointed 
out the scarcity of the Gomphinae, only 'represented,, by ApJiyUa 
earaJha, as well, as the Calopteryginae represented only, 'by another 
single species Hefner im luteola Rambur (Hetaerina crueniata BAjb) 
and the complete absence 'of the Cordulinae. Kolbe (1888) , and 
Wrilsoii (1911) considered affinities mainly with South American 
forms and Klots fl932) states . that our characteristic An- 

tillean fauna is most nearly allied to that of Central America, and 
that it arrived probably at the time of the late Tertiary connection 
with Central America, when all our present families of Odonata were 
ill existence. . In accounting for a ^ew forms found in Ja- 
maica and Haiti and not present on the other islands she admits the 
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possibility of a . • secondary land bridge via the east-west moiin- 
taiii cliaiii from Haiti tiiroiigh Jamaica to Honduras, in addition to 
the Yiicataii-Ciiba connection”. She further indicates the iinport- 
anee of the flight habits of the dragonflies as well as the presence or 
absence of bodies of water- and the latter in determining the distribu- 
tion of this form of insect life. 

In playing their part in the economy of nature odonates follow 
all other forms of animal life. Among the most common enemies of 
odonates are the birds which attack both nymphs and adults. Gund- 
lacli (1878) mentions 31 species feeding on insects, but in no case 
makes specific reference to particular insects and so no mention of 
the odonates is made. Bowdish (1902) (1903) mentions 30 speeies 
attacking insects, but only two of them Mimiis pohjglotios orplievs 
(Linnaeus), Jamaican Mocking bird, and Melmierpes ^jortoricmsi.s 
(Daudin), Porto Eiean Woodpecker, are reported as having eaten 
adult dragonflies, Wetmore (1916) of 69 species feeding on insects 
mentions 12, or 17.4 per cent of them preying on odonates whether in 
adult or nymphal stage, (Table 111), But orides vire^cem cuhanus 
(Oberholser) , Cuban Green Heron, and 3Iarila affi7iia (Eytoii), Lesser 
seaiip duck, heading the list in pereentages. Eighty-foiir per cent 
of the stomach food contents of three herons was made up of the 
. abdomen of adult dragonfly, nymphs and several damsel flies”, 
and 69 per cent of the ducks food w^as made up of dragonfly nymphs. 
Danforth (1926) who discusses the stomach food contents of 53 
species, (Table III), found 15 of these, or 28.3 per cent had eaten 
odonates. Totanns fuelmiolencns (Gmeliii), Grreater yellow legs, and 
Faleo vohm'biwiiis (Linnaeus), Pigeon Hawk, represent 

the two worst enemies of dragon and damsel fly nymphs respectively 
with corresponding percentages of 65.33 and 12 of their food. The 
Pigeon Hawk, again and Egretta camdidissinm Gmidklissima (Gmeliii), 
Snowy Egret, are the ones wuth heaviest toll among the adult dragon 
and damsel flies in the order mentioned with 73 per cent and 15 per 
cent iTvspectively. Most of the adult odonates, may have been taken 
wliile transfonning and not able to fly very much,,but there :is iio- 
doubt - that some of them are caught while on the wing as lias been 
■observed by, Danforth in the eases o£ Hy dr oeheUdon nigra stirina- 
mensis ( Gmelin ) , , Blacktern, and Tyrannus donimicsnsis ' . d o m inicensis 
(Gmeliii):, Gray kingbird, the latter seen catching Lepthemis vesicu- 
losa (Pabiicius) Which is a rather swift dragonfly. Dr. James G. 
Xeedham has seen also this last bird catch on the wing Tramca ab- 
dominalis Eainbiir which in its flight is still faster than the formei 
dragonfly. 
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Ill tlie' iijmiplial stage dragonflies, are picked iipoii more often 
tliaii daiiiselflies, a tiling ■wliieli is natural due to tlie. small, size of 
t lie damsel fly iijinpiis and also to their , habit of clinging to small 
stems, under, water. Daiiforth’s .work shows -that 53.3 per cent of the 
species of birds . feeding on, odonates attacked, the mmiphs of , the 
dragonflies while only 13.3 per cent of them had eaten cla.iiiselfly 
iiyiiiplis. In the adults the conditions are reversed, 40 per cent , of 
the birds feeding on clamselflies while 20 per cent feed on dragonflies. 
This is a good correlation, the latter being better fliers and standing 
iisiially in open spaces where they can see their enemies while the 
former are poor fliers, if eomparecl with their relatives, and keep 
more often am,o.iig. the grasses- close to the water on which they rest 
for longer periods and can be caught thus more easily. ■ 

Ij,izard,s. ifave been reported to prey also on odonates, but Wolcott 
(1924) found only one case in 50 individuals of AnoUs pulchellus 
Diimeril and Bibroii, where a damsel fly, EnMla0na sp., had been 
eaten. Dexter (1932) found that the nymphs of odonates constituted 
0-.8 per cent by bulk of the food of 301 specimens of Btt^fo ntarimis 
L. I have seen the latter sitting, on the leaves of water plants from 
which I have collected transforming damselflies in Cartagena lagoon 
.and certainly some of these have been eaten. Fi,shes are by far the 
worst enemies of the nymphs and in a few eases of adults. I have not 
found any data regarding Puerto Rican fishes. 

But to all this fight with' other species has to be added the struggle 
among the njunplis and adults of the odonates themselves. , I have 
seen the big Anax feed upon the rapid Lcpfhemts and this in turn on 
EnffJirmUplaz imibratii^ and Doctor Needham observed repeatedly 
eases of cannibalism among IseJimira ramhuru. The fight easily seen 
ill the air is no less intense and fierce in the water where the young 
nymphs fall easy prey to the larger ones. 

The odonates in their adult stage are beneficial because of their 
predatory habits and destruction of. many harm,fiil insects like, the 
mosquitoes. Nymphs may be counted also in the same category, but 
this is lessened by the fa.et .that the nymphs .may destroy .young 
fishes. The adults feed upon mostly any kind of insect that they 
can get hold of. In Tortuguero Lagoon the numerous Leptliemis 
flitting in the air at the time of observation, February and March, 
ivere attacking the small white swamp moths Nympkula fticetuosalis 
Zeller which were then very abundant. These' moths flew very low over 
the ivater surface, among the emergent aquatics^, and so i^vere in part 
protected from Leptkemu^, but did not have 'such protection when at- 
tacked by Lesfes sp. and other damselflies, which were feeding upon 
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tlieiii eagerly, because these latter ones fly also dose to the surface 
of the water. In the Ytinez Elver in the gorge above the bridge on 
Kin. 19.6, I have seen the big Anax together with some swallows, 
early in the morning, flying up and down the river and feeding on 
the adult mayflies dancing in the air - about 30 to 40 feet above. 

After the general remarks before made the following discussion 
wdil include observations applying to the individual cases and which 
could not be included before. The species will, be placed for con- 
veiiienee in alphabetical order, 

Aeschnidae 

This family is represented by the subfamily Aeschninae only. 
Tlie six species reported from the Island are by no means eommon 
either in the adult or njunphal stage. The most common one seen 
in flight is .Anar junius and only a few recent records of Aesckna 
Gomigera (A.M.N.H.) and- Coryphaeschna adnexa '(Needham a,nd 
Cxarcia-Diaz) are to be found. I saw once, at dusk, flying above the 
level of the electric light post about 30 feet high in Stop 38% Hato 
Eey, near Rio Piedras, an adult Gynacantha.^ I have the impression 
of having colleeteci also a teneral specimen of the latter nnder the 
wireless towers at Cayey, but the misplacing of the specimen makes 
it' impossible to state it as a fact. The nymphs of Amx are by far, 
tlie commonest and they are easily told from those of Coryphaeschm, 
when alive, because the latter have whitish eyes while the former 
do not. 

Acanfhagyna. nervosa Eambur 

No adults have been collected.^ Gimdlaeh (1888), collected them 
i]i Cuba on December 15 near Cardens and in the Zapata swamp ; 
Kohl (1916) records them from the Me of Pines, September 11, 1912. 
The nymph, if Klots^ (1932) supposition is right, w^as caught July 
31st, 1926, on the university campus in a ditch with temporary 
water wliere the sewage overflow of a building was discharged. The 
"water "^vas ill-smelling due to a dead cat in the water a short distance 
from where the iiyniph was collected. No other odonate nymphs 
were found here and only some tadpoles with it. Prom this it ap- 
pears lliat the nymph does not i*equire clear running or clean water. 
The tadpoles probably served as food. 

June 8-13 (A.M.N,H,), other adpIteKave been seen or collected/'' 
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A nympli eolleeted by Doctor Needliani, March 23, 1936, in a creek 
ic front of Camp Buena Yista in the Maricao. Forests, over 2,350 
feet above sea level, seems to be an Aesclina, but is too young to 
make an accurate, determination. ■ 

Anax amazili (Buz’meister) 

(PL YI, Pi^. 8) 

No adults lia.ve been collected in Puerto Rico. The record rests 
on two nymphs eolleeted by me in Hato Rey, Stop 30, near Rio Pie- 
dras, Septeiiiber 15, 1926, and determined as such by Byers (1927). 
The njunplis- were full, grown. The place where tlie.Y were eolleeted 
was a rather shallow temporary pool, not over three feet deep at 
its most, wliese water remained usually very clear during the rainy 
season. Many other odonates as nymphs and adults were collected 
and seen in this pool, but only Anax jundus belonging to the Aesch- 
iiinae was caught here on different occasions on the wing. The pool 
dried up completely during the year so the life cycle must take 
place ill a year or less. This is possible if we take into consideration 
CalverFs (1934) paper, who although he thinks that in the greater 
part of North America two successive generations of A. jimius do 
not occur, admits ^Hhat under continued high temperature of both 
W’ater and air two generations per year may be possible The last 
two mentioned climatic eonditions are easily met on the Island. No 
more nymphs have been collected. The place of original collection 
is no longer in existence since the hollow was filled up. 

Hagen (1867}, calls this species from Cuba ^ Caivei^t 

(1899) has a record of a female from Tepic, October 1894, 1036 
meters altitude, and from Cuba Guiidlach (1888) gives records No- 
vember 15, 1888 and adds ejemplar fue eogido eii Octubre 1871 
en la Habana’h This shows the species occurs at widely different 
altitudes and its indicated infrequent occurrence in Cuba possibly 
aecoiiiits for absence of adults in Puerto Rican eollections, 

Anax jmums (Drury) 

Although not very often seen, the records show it is to be found 
throughout the entire year and from sea level 2,000 feet up. Most 
easily caught when copulating because when doing so the pair usually 
rests along the shore of the pond, Needham (1901) has diseusseti 
the habits of the nymphs which are ^^notoriously cannibalistic’^ a 
fact possibly aeounting for the very few reaching adult stage. La 
Muda, Feb. 21 ; Almirante R<>ad Km, 6 J, March 9 ; Lares, March 22 ; 
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'Cabo Rojo, Feb. 23; Needham and G-areia-Diaz. Nymphs; Lake 
Tortiiguero,. Feb. 19; March 20 ; Almirante Road, Km. 6.7 March 18, 
Needham and Garcia-Diaz ; Cartagena Lagoon, Oct, 31; Isabela, 
May 12, Garcia-Diaz. 

Goryphaeschna adnexa (Hagen) 

(PL V, Fig. 4; PL YI, Pig. 7) 

111 only two places were adults of this species seen. I have records 
from Cuba in May, June and November which tends to show that 
adults oeeur throughout the whole year if these records are added 
to the ones indicated here. 

Large numbers of the nymphs of this genus were collected on the 
west end of Lake Tortugiiero among Polygonum plants in standing 
water about 2% feet deep. The nymphs of Anax were equally 
numerous. The white eyes of Coryphaeschna distinguish them at 
once. 

Florida Road, Km. 4.6, Feb. 28; La Muda, Feb. 21; Needham 
and Gareia-Diaz. Nymphs: Tortuguero Lake, March 20; Needham 
and Garcia-Diaz; Isabela, May 12; Cartagena Lagoon; Oct. 31; 
Garcia-Diaz. 

Gymeamtha trifida (Rambur) 

Not a single record has been added to those of Stahl, Kolbe and 
Gundlaeh.^ A nymph considered by Klots as Acanthagyna has been 
reported from the Island. I think I have seen and collected this 
species as stated before. Their habit of fiying at dusk is possibly 
responsible for their absence in collections and GundlaclCs mention 
of their oecurrenee in the woods is another possibility. It has been 
caught in Cuba during August and September, occurring in large 
flocks along the coast and seen migrating from north to south in 
December. 

LIBELLULIDAE 

These are the dragonflies most often seen and collected all over 
the Island. Some of the species ar remarkable for their absence in 
collections. Among these are Micrathyria dklyma didyma and Mi- 
orafkyria hagen% specimens of which have not been collected after 
GundlaclFs and Kolbe ^s records. Two more genera have recently 
been added to the Puerto Ricant list, Idiatapke ( ~ EpliidaUa) 
cubemis and Brachymesia f%iroata. Tramea onusta and Micmtkyria 



58 THE JOURNAL OF AGKCGULTUBE OF THE UNIVERSITY OF P. R. 

aegvMis are also new records for. the Island. Only where field notes 
axe at hand or additional records to those of Klots (1932) will be 
. discussed. , below. , . ' 

Baekymssm- furcata iMa^^ 

(PL VI, Figs. 1, 3, 5) 

One of the new records. A single adult male caught in flight 
ill Coanio Springs near the reservoir April 5, 1930, Needham and 
Gare,ia-D!a,z, No more adult specimens have been collected on the 
Island, but no collecting’ has been ■ done in the place of collection 
,, since the data before mentioned. 

Ca-mirieria herhida (Giindlach) 

" fPl. VI, Pigs 2, 4, 6; PL VI, Pig. 1) 

This species seems to be restricted to the c'o.stal plain where adults 
are c|iiite coiiiiiion t.hroiighoiit the .year. The adults fly close to the 
water and to the edge of the river, pond or lake. Usually they 
select a. stick over' the surface of the water wdiere they perch per- 
sistently and to which ^ they return after repeated disturbance^. A 
female was seen ovipositing in the Bayamon River close to the sea 
where the water becomes more or less brackish when the nearby sea 
siveeps in. While ovipositing, unattended by male, she descended 
swiftly, at long intervals, to the water surface dipping the tip of 
her abdomen. This procedure eertianly made eggs less liable to the 
fish havoc. No nymphs were discovered at this time. On August 
10th the nymphs assumed to be this species by comparison with those 
of Canmcria gravida as discussed by Needham and Fisher (1936) 
and with Doctor Geijskes’ description (1934) were exceedingly com- 
mon along the Cartagena Lagoon shore. 

Tortiigiiero, Feb. 10, Needham and Garcia-Diaz ; Tortuguero, Feb. 
15; Eio Piedras. Feb. 12; Palo Seco, Mar. 21, Needham and Garcia- 
Diaz; Eio Piedras, Flying to lights at home, one female, May 19; 
Lago Las Torres, June 21; Cartagena Lagoon, August 10, October 
31; Yaueo, November 11; Fajardo, Las Cabezas, December 19, Gar- 
cia-Dm. Nymphs; Cartagena Lagoon, August 10, Garcia-Dfaz. 

Dythemk rtifinerms (Burmeister) 

This is a species ivMch could be. placed with the lotie ones, but 
is eapcible of living under completely staticAnvironment since it is 
found high up in the mountain rivei^, ' 2,0CW feet, and also in Tor- 
tnguero Lake at sea level. ' The adults are twig perehers. Once 
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til ey select a place to stand they come back to it repeatedly when 
disturbed and even aftex' being hit by the net. The males fly dose 
to the water edge over the stream. They are alert, fast flyers and 
difficult to get when in flight. The nymphs were collected in large 
iiiiinbers'in the Guajataca River, in running water, but in a , shallow 
pool mth sandy bottom upon which the nymphs rested. They were 
not easily seen when at rest, matching wnth the surroundings, but 
once moving one could easily see them as they moved on the sand or 
swam through the water in front of the sieve net. They are capable 
of standing dryness since some placed in a pail in the late afternooii 
got out of it and were found next morning in the car or crawling over 
the sidewalk close to which the car had been left. 

Tortiigiiero Lake, Feb. 10,- Needham; La Miida, Feb. 21; L;arta- 
gena Lagoon, Feb. 23 ; Tortuguero Lake, Feb. 15 ; Florida Road 
Km. 19.3; Yunez River, Feb. 28;. Rio Blanco, Power plant, March 
8 ; Alinirante Road, Km, 6.7, March 3; Areeibo, Tanama River, 
March 13; Lares, Giiajataca River, March 23; Cabo Rojo, Feb. 24, 
Needham and Gareia-Diaz; Ponce, Rio Bucana, June 21, Coaino, Rfo 
Piiyon, June 20, Garcia-Diaz. Nymphs: Lares, Guajataca River, 
March 23; Caguas, March 4; Florida, Yunez River, Feb. 28; Rio 
Piedras, March 18, Needham and Garcia-Diaz ; Florida, Yunez River, 
Aug. 14, Gareia-Diaz. 

Erythemis pl^eja (Buinneister) 

One of the most difficult dragonflies to obtain because of its 
alertness and swift flight and also because it usually chooses open 
spaces for perching where it is difficult to catch. O^o Rojo, Feb. 
23; Florida, Yiinez River, Feb. 28; Lake Tortuguero, March 20, 
Needham and Gareia-Diaz ; Lago Las Torres, June 21; Cartagena 
Lagoon, October 31, Garcia-Diaz. 

EnjtJirodiplax oonnata jwstinmna Selys 

I have found them most abundant in swampy places usually with 
a lot of vegetation but they occur also along the rivei’s. They are 
fast fliers and their direction in flight is erratic. They fly low and 
seldom stand on the higher plants, preferring the lower ones, usually 
selecting new perching places every time. Once having located a 
place where they-occur^ get a good series since they 

keep close to^ the place',ere^’’if '.miahy disturbed. On March 13,^ 
1935, on Almirante'3te^;;ai^' hundred 
west from the rtodi'rigfe, eollected a good series of ' tiiis 
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species iiiaiij of ■ wiiicli had recently emerged. I failed to ohtain 
njinplis since I did not search for them. Two years before^ June 
27, 1933, I got also a very good series on this locality by the road 
side. Doctor Needham has a nimiph caught in Florida Eoad lAin. 4.6, 
wliieli he tliinks is this species. The adults, though soinetiiiies local- 
ized, iiave been found widely spread over the Island reaching altitudes 
of 2,000 feet. They like E, umhrata do not prefer the open spaces, 
but the grasses and bushes back of tiie open waters. 

Yiiiiez River, on the Florida Road Km. 19.3, Feb. 28; Almirante 
Road Kill. 6.7. I\:rareli 9, 13; Lake Tortuguero ]\Iarcli 19-20, Need- 
liaiii and Garela-Diaz; Almirante Road, Km. 6.7, June 27; Coaino, 
Rio Piiydii, June 20, Lago Las Torres, June 21, Garcia-Diaz. 

mmuscula (Rambur) 

JiKlging from collecting done at different times on different places 
over the Island, this species, like E. herenlce naeva^ is not common. 
Cartagena Lagoon, October 31, Gareia-Diaz. 

Erythrocliplax nnibraia (Linnaeus) 

I^siially the most eoinon species of dragonfly on the Island. It 
prefers, as said before, places back of the open water among the 
weeds or bushes. Not very hard to catch. Wlien flying over the 
water they keep close to the surface. Copulate most of the time 
without coming to rest in a ver>^ short time and the female begins 
ovipositing at oiiee, dipping the tip of the abdomen at different places 
ill a small ar^‘a and then moving to some other place. A striking 
fact is that altlioiigh adults are common, the nymphs are not so com- 
monly and easily eolleeted. Possibly the nymphs have habits similar 
to those of Mmtaplie.. 


mibensis (Hagen) 

(PL YII, Pig. 3) 

Cowdey, (1934) finding. preoccupied has proposed, Idm- 

taphe for this genus. .Dr, James G.' Needham found this species for 
the first time February 10, in Tortuguero Lake where he reared it 
and has published the description- of the nymph, Needham and.. 
Fisher (1936). Puerto Rico is the second .place .in .the "West Indies, 
where this species has been found. . A curious happening is that in 
Tortiigiiero Lake, on two different 'instances — March. und.'.: A 
the cast skins were numerous, elinging to the stems of sedges and 
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grasses as well as on the leaves of the same, but the adults were ex- 
ceedingly scarce to the extent that only two or three ^Yem obtained- 
Do adults kee]") in secluded places or are they destroyed hy some 
enemies? If the adults are peculiar about their habds no less are 
the iiyinphs. For nearly a whole forenoon were nymphs searched for 
with the sieve and apron nets along the shore of the lake among 
weeds and water plants with no success. Docior Needham’s sugges- 
tion of the possiilbdy of hiding among the roots made possible col- 
lecting a few living ones. Upon pulling some sedges growing in the 
water or close to the water edge, they were found Hviiig there. 
Among the roots of some stumps of ChrijsobaJanus Icaco h. in the 
water along the shore, they were found also. Finding them is a real 
job and only five nymphs were obtained. Although this species seems 
to be strongly localized as shown by the record of iiaving been found 
only in Tortuguero Lake, not too much stress can be placed upon 
this fact when the habits of nymphs and adults are taken into con- 
sideration. 

Lake Tortuguero, Feb. 10, Needham; Lake Tortugiiei^o, March 
20, Needham and Gareia-Diaz. Nymphs: Lake Tortuguero, Feb. 
10, Needham; Lake Tortuguero, Feb. 14, Needham and Gareia-Diaz. 

Lepflienm vesmdosa (Pabrieius) 

One of tbe most common, if not the eonionest, species on the Is- 
land. Adults fly tirelessly along the open waters, keeping most of 
the time close lo the shore. They may be eexeedingly common and 
yet few cast skins may be found. When copulating they come to 
rest, those that I have seen, and are then easily eaiight as in 
Though I have seen large numbers of them, I have not noticed many 
of them copulating. The female when ovipositing keeps close to the 
water and dips her abdomen in the water in limited areas and then 
moves on. When the tip of the abdomen of an ovispositing female 
is placed in a vial, the eggs are seen to come out singly, but rapidly, 
ill a striiiglike fashion. They stick easily to the bottom or sides of 
the vial, are whitish-yellow in color, but on standing turn brown. 
The nmnphs live in pools and standing waters, but also in running 
water since in 1930 Doctor Needham eoilected numerous nymphs 
among algae mats growing in the shallow Coamo River back of Coamo 
Spring hotel. The highest altitude record is 1,800 feet. On Pig. 1 
there are some months in which Lepthemk is not recorded. This is 
because there are no actual records, but there is no doubt that this 
species occurs throughout the entire year. 
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Maerotkemis eeleno (Selys) 

A YdclelY spread species over the Island. Primarily a iotie 0110, 
ranging from sea level to above 2,000 feet. The adults fly along the 
rivers and usually come to rest on the gravel or stones along the 
edges. They are very difficult to catch because of their swift flight. 
Wiie'ii siaiicliiig on the stones or gravel one has to strike from above, 
since they have the habit of shooting straight up from their resting 
place if disturbed. A female seen ovipositing unattended by the 
male, flew eight to twelve inches above a sandy riffle and made 
iigiit'iiing-qiiiek dashes to the water surface and back again to the 
saiiie level, liittiiig the water lightly with the 'tip of the abdomen each 
time, this descent and return made so quickly that the eyes could 
liardl}^ foliowf Although present in lower levels, it is most common 
and easily seen along the water courses in the high levels. The 
nymphs in tiie rivers are found among the overhanging roots and 
stems of plants gromng close to the edges. 

La Miicla, Feb. 21; Florida, Yunez Elver, Feb. 28; Eio Blanco, 
on Hicaco Elver dam above the power plant, March 8; Lares, Gua- 
jataea River, March 22 ; Areeibo, March 13, Needham and Garcia- 
Diaz, La Catalina, Luquillo Mts., JulJy 2; Ponce, Rio Bucana, June 
21 ; Coamo, Rio Piiyon, June 21 ; Cartagena Lagoon, October 31 ; 
Garcia-Diaz. Nymphs ; La Muda, Feb, 9, Florida, Yunez Elver, 
February 28, Needham and Garcia-Diaz. 

Miailiyria marmlla (Selys) 

Apparently restricted to the costal plain where it has been only 
colleeted up to the present time. 

■ Cartagena Lagoon, Feb. 23, Needham and Garcia-Diaz; Carta- 
gena Lagoon, October 31, Garcia-Diaz. Nymph : Rio Piedras, For- 
estry. Department pool, Feb. ■ 7, Needham. 

MicratJiyria mqiuiMs Hagen 

Colleeted only north of Gabo Rojo along an irrigation ditch. Not 
reported before from the Island. ¥ery similar toM. dissocians but 
easily distinguished because of its smaller size and the smaller white 
spote on segment 7. Cabo Rojo, Feb. 24, Needham and Garcia-Diaz. 

MicratJiyria (Mssocians Calvert 

The most common species of the genus occurring on the Island 
in sharp contrast with the marked absence of Jf. didyma didyma and 
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If. hagem w'hiG.li rest yet upon Gundlach’s and Kolbe’s records. .Ap- 
parently confined to the costal plain.' 

Isabela, Mareli 25, Needham; Cabo Eojo, Peb. 24; Florida, 'Yunez 
Eiver, Peb. 28; Almirante' Road Km. 6.7, near Yega Baja, March 
9, Areeibo, March 13, Needham and Garcia-Diaz; Almirante Road, 
Km. 6.7 near Yega Baja, June 27, Gareia-Diaz. 

Orthmiis ferrugmm (Pabriciiis) 

The eolleeting records thus far are from eastern two-thirds of 
the Island, but it is certainh" present all over. It has been caught 
from sea level up to the 2,000 feet line. There is no doubt that it 
will be found above this since this species is capable of wide vertical 
distribution. A species rather difficult to catch because of its swift 
flight and perching on twigs in open spaces. Some adults are re- 
markably red. I have seen a female ovipositing on the tiles of the 
vestibule of a building in the University and when disturbed insisted 
upon coining back and doing it again. An adult was caught also 
xipril 12, flying to the lights at my home. The nymphs of two reared 
adults when compared with Klots^ (1932) supposition for Bmchy- 
mesui gravida confirmed Doctor Needham \s (1936) belief that such 
supposed nymph is but an Orthemis, 

Florida, Yunez River, Peb. 28; Rio Bianco, by power house, 
Mareli 8 ; Almirante Road Km. 6.7 March 9 ; Lake Tortuguero, 
March 20, 21; Areeibo River, March 13, Needham and Clarcia-Diaz. 
Rio Piedras, an adult flying to home lights, April 12; La Gatalma, 
Luqiiillo Mts., July 22; Ceiba, Ensenada Honda, July 24; Rio Pie- 
dras, June 22 ; Fajardo, Las Cabezas, December 19 ; Yauco, Novem- 
ber 1; Ponce, Rio Bueana, June 21, Garcia-Diaz. Nymphs: Isabela, 
March 25, Needham. 

Pantala flamscens (Pabricius) 

Not, so, common as the other species. Prefers sunny open spaces 
where ■ it ■ flies tirelessiy keeping usually almost the: same Tevel,' and 
.aboutbfive ' f eet from- the., ground, while getting its food.,' Usually.', 
there are a few together when doing so. 

...Lake' Tortuguero, Peb, 10, Needham; 'Almirante Road,- near, Yega 
Baja, Km, 6.7, March '9,: Needham and Garcia , Diaz ; 'Pajardo, - Que- 
brada Yuelta, July 24; Yaueo, Dec. 1,- Garcia-Diaz. 

FeritJiemis domitia (Drury) 

The adults are not commonly seen, recorded only from three plae^ 
on the Island, probably due to their sensitiveness, as mentioned by 
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Neeclhani and HaYAvood (1929) to bright shiny or cloudy damp days. 
I collected a good series of nymphs in a sink hole pool near Isabelaj 
Road No. 2 Kin. 103 on May 12. The pool was extremely muddy, 
lieaYdly loaded with organic matter made up mainly of leaves which 
had fallen from the trees which siirroiiiided and partially covered 
the pool. The water fleas and small ostraeods were so eominon that 
tliey formed lirowii patelies on tlie surface and around any stumps 
above the surface of the water. The nymphs were foiiiicl along the 
edges of the pool. Some of them were taken to the laboratory and 
reared, yielding seven females and three males. The former agree 
with Br. Ris (1930) remarks about specimens from Cuba as quoted 
by Klots (1932). Five of the females show also a brown spot on 
the anterior Aving occupying the first cell of the bridge and part of 
the cells under this as 'well as the first cell between Mi and M 2 some- 
times extndiiig to the other cells above and below this latter ones. 
On the posterior wing a similar spot past and close to the oblique 
vein tilling part of the area of the cell as well as some of the cells 
above and below. In two females the spots did not show clearly, 
l>iit the faintly colored areas could be partially made out. Perhaps 
the specimens were killed before coloring up completely. The large 
number of females to males in the lot reared, though it may have no 
meaning at all, is in strong contrast w-ith their absence in collected 
specimens. A female seen ovipositing, nnattended, in the above- 
inentiimed pool flew close to a piece of wood emerging above the sur- 
face of thew\ ater and while in flight rapidly and repeatedly tonclied 
the wood close to the surface of the water; she did this for a num- 
ber of times, quit, and began doing it again, repeating the process 
on different occasions. 

(■abo Rojo, PebiTiary 24, Needham and Garcia-Diaz; Isabela^ 
May 12, Garcia-Dfaz, Nymph: Isabela, May 12, Garcia-Diaz. 

Seapanea frontalh (Burmeister) 

This is mainly a lotie species on the Island and restricted princi- 
pally to the higher levels, although there are records from Maya- 
giiez and Wilson (1911) found it also in Jamaica ^‘along the dead 
water at sea leY^ePh But the nymphs in Puerto Rico have been col- 
lected, up to the present, only above the 500 feet level, becoming com-- 
inoiier higher up. The living adult males make themselves con- 
spicuous while in flight by the white spot near the tip of the abdomen 
segments 7, 8, and 9, and which does not show in many preserved 
specimens. The females do not show this spot. Both are strong 
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fliers flitting close to the water up and down the course of the stream^ 
loitering over pools. They are. stremely shy, though approachable^ 
but of one is missed hj the net usually all go away. Most of them 
are caught on the wing. They copulate without coming to rest. 
Their nymphs are capable of standing dryness to a large degree since 
they crawled out of a bucket of water during the night, and like 
those of Dythemis mentioned before, were found the following day 
on the floor of the car and on the sidewalk. They prefer rapid 
rnmiing water, clinging to the stones — some of them to the under 
siirface. 

Liiqiiillo Mountains, February 18; Rio Blanco, above Hicaco 
River dam, March 8; Lares, March 22, Needham and Garcia-Diaz. 
Nymphs : Florida, Yunez River, Feb. 28; Arecibo River, near 
TJtiiado, March 13 ; Lares, March 13 ; Needham and Gareia-Diaz. 

Tmmea abdominaUs (Rambiir) 

The most common of the Trameas on the Island- Besides flying 
alone I have seen them flocking together in large numbers while feed- 
ing on the Chironomids which keep in cluster from 12 to 15 or 20 
feet above the ground. The female may oviposit unattended or with 
the male. When the latter happens the male releases the female 
from one to two inches above the surface of the water, when she 
descends to oviposit hovering meanwhile above and on her coming 
up the male seizes her again; both fly for a short time and repeat the 
action described- If the female is missed by the male she continues 
to oviposit unattended, sometimes the male trying to get hold of her 
repeatedly. The eggs, yellowish in color, descend slowly in a cluster 
of 7-10 eggs to the bottom. The keeping of the eggs together in 
such a fashion without scattering, renders them no doubt subject to 
the attacks of fishes and other enemies and here is a possible ex- 
planation of the comparative scarcity of nymphs of this genus when 
compared with the number collected of nymphs of other genera. 

Rio Piedras, Feb. 7, 9 ; Tortuguero Lake, Feb. 10; Isabela, March 
25; Needham; Tortuguero Lake, Feb. 15; Cartagena Lagoon, Feb. 
23 ; Cabo Rojo, Feb. 24 ; Florida, Yunez River, Feb. 28 ; Rxo Blanco, 
near power house, March 8; Almirante Road Km. 6.7 ; March 9 ; 
Arecibo, March 13, Tortuguero Lake, March 20, 21, Needham and 
Garcia-Diaz ; Almirante Road, Km. 6.7, June 27 ; Cartagena Lagoon, 
Oct. 31 ; Lares, Oct. 30 ; Pehuelas, March 24 ; Lago Las Torres, June 
21, Garcia-Diaz. Nymphs: Cartagena Lagoon, Feb. 23, (reared), 
Neeham and Garcia-Diaz. 



66 THE JOITEKAL OF. AGEICULTURE OF THE UNIVERSITY OF P. R. 

Tramea hinotcita (Eanibur) 

Tlie lea,st eoiiiiiioii species of Tmmea foiincl on the Island if com- 
pared witli tile otlier two. Tlie iiympli is. unknown. Florida, Yiinez 
Eiver, Fel). 2S; Aliiiira.iite Eoacl, Km. 6.7 near Vega Baja, March. 9; 
Areeibci, ^lareli 13 ; TortiigTiero La.ke, March 19, 20, Neediiain and 
Crumm-Dim, 

Trmnea omisia (Hagen) 

A species not reported from the Island altlioiigli from the West 
indies. I liave eolleeted them flving together and among the flocks 
of r. Not captured at higher levels but undoubtedly 

there. • . 

Chirtageiia Lagoon. Feb.' 23 : ' Are.eibo Eiver, March 13 ; Tortii- 
gTiero Lake, riarch ■ 20, 21, Needham and Garcia-Diaz : Ceiba, July 
24; 'Fajardo, Las Cabezas, December 19; Yaiico, Nov. 1, Gareia-Diaz. 

SYGOPTERA 

An additional geiiiis, Argmllagnia has to be added to those already 
listed from the Island and also. a species, Enallagma cidtellahim. 
Small as are soiiie of tiieiii an with peculiar habits of life, as will be 
indicated presently under each species, a few of these odonates are 
liable to be overlooked. The status of their nyniplial stages remains 
praetieall}^ the same as stated by Klots (1932) .with the only excep- 
tions of EmiMsgmu coectmi and both of whieli. have 

been reared.' To these two should be added a supposition believed 
to be the nymph of ArgMlagnm. . These, three .nymphs with others 
of the 'Aiiisoptera are disenssed further on. It is a striking, fact ■ 
that the iwmplis of these ' odonates, with the e.xeeptioii of those of 
Isehnura mid. Enallagma caecum., are very iiiieoiiimoii although the 
adults occur in the place wTiere collecting is done. A single family 
with two subfamilies Lestinae and Coenagriomnm 
have., been .thus .far reported. — m' 

, . . Aaiomalagrion hastatmm (Say) 

The most incoiispieiious of all the zygopterans on the Island and 
easily overlooked because, although the male has .a yellow color, this 
Mends with the dry leaves of the plants in the nearly dry „ places 
back of the open waters where they' occur. They keep among th^^ 
plant and weeds and the females,, mostly dull colored, are also not 
easily seen. It seems to be restricted' to the lower levels reaching the 
500 feet line where it has been collected, though future collecting may 
alter this view. 
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Eio Piedras, Forestry Department pool, Feb. 8, 9 ; Tortugiiero 
Lake, Feb. 10, 15, Neediiam; Gnanica Lagoon, Feb. 24; Bio Pie- 
dras River back of Experimental Station, Feb. 12; Florida, Yiiiiez 
RiTer, Feb. 28 ; Aliiiiraiite Road, Km. 6.7 ; near Tega Baja, Mareli 9 ; 
Tortugiiero Lake, March 19, 20, Needham and Gareia-Diaz; Alnii- 
raiite Road, Km, 6.7, June 27 , Gareia-Diaz. 

Argiallagma mimitum (Selys) 

(PI. lY; Pi. Y, Figs. 1, 3; PI. YII, Pig. 2) 

Doctor Needham collected this species for the first time on the 
Island in Tortugiiero Lake, Feb. 10, and later at Almiraiite Roads 
Km. 6.7, March 9. Regarding the eoUecting at this last place he 
says : ^ h . . the ArgiaUagnias were captured among the weeds, none 
over the pond, but in plasliy places where they could flit through the 
small intervening openings from stem to stem. I broke paths through 
the weeds so as to get about more easily, and then traversed these, 
scanning the bordering steins for the delicate little dainselflies. They 
did not seem to be common but by diligence got a good lot. Only 
rarely was any other species foniid near them; Anmnakigrmi has- 
iatum betimes and very rarely an Iselinura ramhurii; this latter lives 
more openly. ” 

So far this species has been collected from only two places and no 
eoimneiit can be made as to its distribution considering the above 
nofes, but it seems to be a localized form. In August I iveiit'to 
Almirante Road,' where Doctor Needham had colieeted adults, to 
obtain some i^ymphs, but was ■ unable to find them. Although I 
searched most carefully, I saw but one adult specimen wliieli I missed 
when I tried to capture it. I collected' though some in Tortugiiero 
Lake. 

Tortugiiero Lake, Peh. 15, Keedliam; Almirante Road, Km. 6.71 
iiear-'Yega Baja, March 9 in copula ; Tortugiiero Lake, ■ March,; 20;, 
(in copula )., Needham and ' Garefa-Diaz ; Tortugiiero Late,' August; 
16 , ;{ in ..copula) , Garcia-Diaz:' , Nymph:' .(Siippositio,ii) Almiraiite^ 

, Road, 'Em,. 6.7, March. 9, Needham mnd Gareia-Diaz. 

Oeratiira capreola 'i'KB.gen) 

(PI. Y,, Figs:.,.2^^^^^ 

Another species which tends to be a localized one, keeps among 
the plants and weeds not flying in the. open. . Nothing is known about 
its habits and the nymph is unknown, although Klots (1932) pub- 
lished a supposition and another is also discussed in this paper. 
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Tortiigiiero Lake, Feb. 15, Neeclliam; Tortiigiiero Lake, March 
20, Neediiam and Garcia-Diaz; Florida, in swampy liollow close to 
River, Aiig. 15, Garcia-Diaz. 


EnaUagma civile (Hagen) 

These dainty bine dainselflies are found most often in pools and 
standing water; they may be found also along running water. In 
flight they keep dose to the surface of the pool and do not fly for 
very long periods, pausing repeatedly on anything above the water 
or aiiiong the plants along the edge. They have been collected from 
sea level to 2,000 feet. Altliougii adults are coinnion the nymphs 
are apparently scarce for reasons given in the discussion of the 
njunphs faFther' on. 

Rio Piedras, Forestry Department pool, Feb. 8; Rio Piedras, 
River back of the Experimental Station, Feb. 12 ; Isabela, March 25, 
Needham ; Cartagena Lagoon, Feb. 23; Florida Road, Km. 4,7, Feb, 
28; Almiraiite Road, Km. 6,7, March 9; Tortiigiiero Lake, March 

20, Needham and Gareia-Diaz ; San Germto, x^pril 28 ; Almirante 
Road, June 27; Cartagena Lagoon, August 9, 10, November 31, 
Garcia-Diaz. 

Emllagma coeeiim (Hagen) 

This species is primarib" lotic, preferring running water but it 
may be found also along standing wmters. Widely distributed over 
the Islaiid. Its nymph has been collected above 1,000 feet level and 
the adults above the 2,000' feet line. The former have the habit of 
hiding aiiioiig the roots of sedges growing close to the water near 
the edges and are found also. among overhanging roots of other plants. 
In a .raiidoiii colleeting in the creek at Florida Road, Km. 4.7, the 
iiyiiiphs of this species outnumbered those of Isclmura in a ratio of 
ten to one. No other species of Zygoptera were found wdtli them. 

La Muda, Feb. 9; Rio Piedras, River back of the Experimental 
Station, Feb, ,12; Florida, Yiinez River, Feb. 28; Florida' Road, 
Kiii( 4,7, Feb. 28 ; Cagiias., Cagiiitas River, March 4, Rio Blanco, 
above Rio Hicaco dam, March 8 ; Almirante Road Km. 6.7, March 
9; Tortuguero Lake, March 20; Adjuntas, March 23 ; Areeibo, Ta- 
nama River, March 13; Needham and Garcia-Diaz ; Cayey Wireless 
Station, May 6; Florida, Yunez River, August 15; La Gatalina, 
Liiqiiillo Moimtaiiis, July 22; San German, River near the town, 
April 28; Ponce, Rio Bucana, June 21; Coamo, River Puyon, June 

21, Garcia-Diaz. Nymphs: Florida, Yunez River, Feb. 28; Florida 
Road, Kin. 4.7, Feb. 28; Caguas, Cagiiitas River, March 4; Rio 
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Blaiieo, above Hicaeo River clam, March 7 ; Aliiiiraiite Eoaxi Km. 
6.7, Llareli 9 ; iirecibo-Utiiado Road, Kms. 56 and 60 near TJtnadOj 
Marcli 13 ; Rio Piedras, March 18 ; Lai^es, Giiajataca River, March 
22 ; Adjuntas, March 23, Needham and Gareia-Diaz ; Florida, Yiiiiez 
River, June 21 ; in marshy-swampy hollow close to River, August 15; 
Gareia-Biaz. 

Enallagma ciilteUatiim (Hagen) 

(PL V; Pig. 6, 7) 

'I 

Pound only in Tortiigiiero L-ake by Doctor Needham, February 10, 
thus adding another species record for the Island to the genus. On 
February 15 there were manj^ in copula and some of them ovipositing. 
A female while carrying this latter process stood on a leaf of Ai/m- 
jjlwides IminbddManum bending its abdomen aroiiiicl the margin and 
under tlie leaf on whose lower epidermis made crescent, shaped slits 
and stuck the eggs with their micropylar end pointing towards the 
openings of the slits. These were placed in a semicircular arraiige- 
irieiit. The eggs had a black conic apex surrounded by some sub- 
stance ' wliieh was impossible to ascertain whether it was a secretion 
or part of the epidermis of the leaf. While the female was ovi- 
positing, the male kept hold on her, . standing out in the air. . Some 
iiyiiiphs were transforming and specimens were collected on the stems 
of plants* about a foot above the water. These can be easily told 
from the other species by the rather stout, highly chitiiiized, terminal 
spine at the end of the serrated edges of the.' gill pilates. Some of 
the adults were seen >standing along the sandy shore of the' lake and 
were eoimnon. This was in contrast with conditions in August wdieii 
I saw v.ery few, being able to collect but an adult and an additional 
feneral one, ' Possibly another localized species, the male is .easily 
clistinguislied by its bright yellow . frons., clypeiis and labriim. ; A 
young nymph from Cano Tibiiroiies places it among the hardiest 
ones for reasons given under the next species. 

Tortuguero 'Lake, ' Feb. 10, Needham j Feb. 15, Need,hain a.iid 
Garcis-Diaz; August ■, 16, Garcia-Diaz. Nymphs : Tortuguero Lake, 
Feb; 10, (cast skins) Ne'edham;. Feb, 15 .; Gafio Tiburones, March IS,. 
Needliaiii and ':6a.rcfa.-D,iaz. • . 

Isehmira ramhurii (Selys) ' 

The most common damselfly on the Island through the entire 
3 ''ear, but apparently restricted to the lower levels. There are no 
records above the 300 feet line. They become so numerous at times 
that failing to find food enough for all, they resort to cannibalism* 
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Tile pairs in copula fly for long periods togetlier, resting among 
plants and flying about, but not necessarily ovipositing. This is 
anotlier of tiie hardiest Zygopterans on the Island, since I collected 
nymplis in the waters of Cano Tibiirones which are decidedly brackisk 
because of tlieir eonneetion with the sea by way of the Areeibo^ River. 

Eio Piedras, pool in Forestry Department, Feb. 7, 8, 9; Tortu- 
guero Lake, Feb. 10; Maunabo, Feb. 11; Isabela, March 25, Need- 
ham; Jim Piodras', River back of Experimental Station, Feb. 12; 
Ibuei'giiero Lake, Feb. 15; Cartagena Lagoon, Feb. 23; CTiianica 
Jrjgooii, Feb. 24; Florida- Road, Km.. 4.7, Feb., 28; Cagiias, March 
4; Almiraiite Road, Kiii, 6.7, March 9; Arecibo, March- 13; Lake 
Tortim'ueru. Mareh 19, 20; Palo Seeo. March 21, Needliaiii and Gar- 
eia-Diaz; Cartagena Lagoon, August 10, Gareia-Draz. Nymphs: 
Tortiigiiero Lake, Feb. 15; Eio Piedr-as, Elver back of the Experi- 
liieiital Staiioii. Feb. 18 ; Cartagena Lagoon, Feb. 23 ; Guanica La- 
goon, Feb. 25 ; Cano Tiburones, March 12 ; Tortuguero Lake, March 
20, Needham and Garcia-Diaz ; Isabela, May 12 ; Cartagena Lagoon, 
August 10, - October 31, Garcia-D.iaz. 

Lestes farficula (Eambur) 

T,!ie most eomnion species of the Lestinae, occurring mainly along 
the . coast but iiyinphs- of ■ it have^ bee.n collected at Las Cruces on 
Road .iitimber one in a place 1461 feet high. The females may ovi- 
posit -attended or not by the niaie. In the first case the male clings 
to the support w,Mle, the female' thrusts her ovipositor into the tissues 
: of the weed or water plant. A female was seen ovispositing in the 
leaves of a sedge from 8 to 10 inches above the surface of the water. 
Other times they oviposit closer to the surface .a.nd gradually, go down 
.the support below 'the surface inserting their eggs, until nearly the 
mdiole abdomen, is in the water.- 

Rio Piedras, pool in Porestiy Department, Feb, 8;- Tortuguero, 
Lake, Feb. 10; Isabela, March 25, Needliam,; Rio Piedras, River back 
of the Experimental Station, Feb. 12; Tortugu,ero Lake, Feb. 1.5 ; 
Cartagena Lagoon, Feb. 23; Florida, Feb. ■ 28; ,-Al.mirante Road, 
Km. 6.7, Mareh 9; Arecibo, March 13; Tortuguero Lake, March 19- 
20, Needham and Garcia-Diaz. Tortuguero Lake, August 1.7, Garcia- 
Diaz. Njunphs : Rio Piedras., .pool in Forestry. Depa.rtment,,' (reared) , 
Peb. 8, Needham; Tortuguero Lake,, (reared), Feb. 15;' Cartagena 
Lagoo.!!, (east skins. oiil.^^)., Feb. 23, ' Needliam a.nd Garcia-Diaz.. 
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Lestes scaldris (Gimdlacli) 

Not common, if compared with the preceding one, on the Maud. 

Florida, Yimez Eiver, Feb. 28; Almirante Road, Km. 6.7, March 
9, Needham and Garcia-Diaz. 

Lestes spurn arms ( Selys) 

The least common species of Lestes on the Island, judging from 
the records which are only those of Seiys and an additional one of 
tlie American Museum of Natural History. No speciniens were ob- 
tained even when looked for in the place last mentioned. 

Protoneura capillaris (Ramlnir) 

A single specimen of this species caught on the Isla*licl after Seiys 
(1886) record; niiliiekily the date was not indicated, ahoiit 1928. 
Flying to lights. 

EiO Piedras, Hato Rey Stop 38^2, Gareia-Diaz. 

Telebasis domimeammi (Seiys) 

This species, and the following one prefer to the open spaces the 
margin of the bodies of ivater where they are found or else among 
the weeds some distance from them. Adults have been collected 
from sea level to the 2,000 level. 

Rio Piedras, River back of the Experiment Station, Feb. 12 ; Giia- 
nica Lake, Feb. 24; Florida, Yiinez River, Feb. 28; Florida 'Road 
Km. 4.7 ; Caguas, Caguitas River, March 4;. Almirante Road, Km. 
6.7, March 9; .Arecibo, Tanama River, March 13, Needham and- Gar- 
exa-Diaz ; San German, River near town, April 28 ; Florida, swamp 
ill hollow close to the river, August 15' ; . Alniiante Road, Km. 6.7, 
Jiine',27, 'Gareia-Diaz, 

Telebasis vulnemia (Hagen) 

(PI. Y, Pigs. 8, 9) 

The adults of -these species have been collected in more places 
than the preceding one. Well distributed all over the Maud with 
habits as indicated already. I have eollected speeimens above 2,000 
feet level in the Luquillo Mountains in and above La Mina Recrea- 
tional Area, flying in the shade along the courses of the small creete. 

No nymphs of these species have been described so far. A female 
specimen reared by Doctor Needham from Buena Vista Camp in 
Maricao is described farther on. Klots’ nymph (1932) is that of 
Enallagma eoecvm. 



MEASUKBMENTS OF OAST SKINS OF iJ. iurmta and C. hcrhuUt 
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Cd) The tenth segment bears an additional very small hook in both species. 

(6) Th6 corresponding left and right having dilTerent nimibers or unequal in length, 
(f) Not given. 
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Coryphaeschna adnexa (Hagen) 

(PI. V, Pig. 4; PI. VI, Pig. 7) 

Length 41.5 nmi.j abdomen 28.25 mm. 

Large head, greatest width across the eyes 8 mm.; the latter large and 
rounded, their most proximal slightly sinuated margin 1.6 mm. from the oc- 
cipital marginj measured from the greatest depth of the sinnation. Occiput 
emargiiiate, its proximal mid-point to a corresponding one on the vertex margiii 
1.4 mm., its width 5.25 niin. across. Maximum length across the head, back 
of the proximal margin of the eyes 6.25 mm. Eatio of the antennal segments: 
1:1.5:2 :1:1.5:1,5:1. The labium measures 7 mm. in length and 5 mm. wide; 
sides from hinge out more or less parallel for about 4 mm. where they broaden 
out to attain the maximum width of 5 mm. Very small setae along the finely 
serrated edges starting a little below the place where the bioademng begins 
where there is besides the ridge of spinules a few of the latter on the inner 
surface of the labium; somewhat fiattened along the margins w'here breadth 
is largest. Distal margin of medial lobe rather convex rising .5 mm. above 
horizontal line between bases of lateral lobes. A cleft .2 mm. deep and .15 
mm. wide in the middle with two chitinized rounded teeth about .1 mm. from 
the edge of the cleft rising about ,03 mm. above the margin. Hairs along the 
margin rising as high as the two teeth close to cleft. Lateral lobes with their 
inner lower margin denticulated beyond the curved proximal end, the small 
teeth increasing in size until they reach the large chitinized tooth at the distal 
end of the inner margin on the lower end of the nearly squarely truncate distal 
margin of the lateral lobe. This outer distal margin is also denticulated, but 
the teeth are small and compare only with those at the proximal end .of the 
ventral margin of the lateral lobes; the large ventral tooth is about % the 
length of the truncate distal margin. Very small setae along the middorsal 
line of the movable hooks. 

The legs with a few hairs on them; possibly some of the latter even lost 
during dryness, but by no means are they hairy. Measurements of femur, 
tibia, and tarsus as follows: I 3.6:4.25:2; II 5.1:4.75:2; III 6;6:2.5. Pos- 
terior wing pads 8.75 mm. 

Abdomen elongate, widest at the sixth segment measuring 7.3 mm. Spines 
on segments 6, 7, 8, 9 having a length of .25; ,6; .75; and .5 respeetively. 
Lateral margin of spine bearing segments serrate with fine setae In the notches# 
Gonapophyses on 8th segment 2.75 mm. long, reaching the hind border of seg- 
ment nine ; those on this latter segment 2 mm. long reaching beyond the hind 
margin. Lateral appendages 3.75 mm. long, more ox less rounded and ending 
in a strongly chitinized sharp point; as long as the superior which is rounded 
at the tip- Inferior appendages the same length of lateral reaching a fraction 
of a millimeter beyond the superior, triquetral in shape, incurved tips chitinized 
but not as heavily as laterals. 

Almirante Koad, near Yega Baja, Km. 6.7, l^Iareli 9, Dr. James 
G. Needham. ^ .■ 
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REMARKS 

Tile preeeediiig description is based on a- cast skin supposed to 
represeiit tlie last larval instar because it was dry and on a bnlrnsii. 
xV, I’ery-tliiii liiiid film covered tlie surface hiding all possible color 
palt'miis. 

xi niiinlier of similar nymphs were obtained in Tortugiiero Lake 
together with those of Anax. They are easily told from these latter 
ernes, Wiieii aJive. because they have white eyes, as w'ell as by their 
alidmuiiial appendages. 

None of the living nymphs ■ collected had attained the size of the 
described cast skin, but undoubtedly are' the same species. The 
younger .iiyiii|)lis have a tendency to be darker in color than tlie 
older ones. Antennal segments. 3 and 4 are brown in color as well as 
the distal .end of the terminal one. The labia of the younger ones 
may show smaller additional teeth between the cleft and tlie ttvo 
larger teeth iiieiitioned in the description. The color pattern on the 
legs is variable also from completely xiaternless ones, tiiroiigh some 
of their femora marked ivith three rings and a brown or black spot 
about 2,.;. distant from the proximal end of the femora. These dots 
are the ones lo hold most consistently tlirongliout. The abdomen 
has no definite color pattern, but in the middle size iijnnphs there 
appear on tlie sides two diagonally placed brown spots, most 
easily s-tui and occniinhiig more fiTa:iuently, on segments 5-8 although 
the aiilerior ones iiiay show them also. A black dot on the ventral 
Mirftre of, the inferior a,ppendage.s, close to the ehitinized tip and sep- 
arafed froin this, by a less ehitinized and equal, to or slightly larger 
than the Ifiaek spot itself. 

Iviots A0o2) suggests the possibility of .another species besides 
C. silice, as stated by her, this is not certain I have assumed 

tills iiTinpii to be the latter.^- . . ■ 

ZYGOPTEEA 

Argmllagma minntum (Selys) 

(PL IV;;. PL Y, P,igs. 1, 3; PL VI, Pig. 2) 

Lengtli 0 mm. 4“ 4 .mm. gills, .abdomen 5.75 mm.. 

Head flattened, hind angles rounded with easily seen, sparsely placed : spines. 
Anteimal segments 1 and 2 with dark brown spots on their inner margins, close 
tO' the Joint, also on distal outer. 'margin .of second segment. Proximal, fourth 
of the third brown, , the, rest of the antenna with no markings. Ratio of an- 
tenna! segments 1:1.1 :2.5';1.8:1.I:.9:.7. Widest distance across the eyes 2.7 


See note at .end. '..(page 85.) 
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mni. Labium with four mental and seven lateral setae. Distal margin of nien- 
tum more or less even, but beset with very minute teetli-like sijines wMeii give 
it the appearance of being finely denticulated. Inner margin of lateral lobe finely 
serrated; distal inner fixed tooth small and sharply incurved, notch between 
this and central distal lobe rather shallow and only half as wide as deep. Cen- 
tral terminal lobe squarely trimeate with external third showing mmute spines 
on border. Inner extreme close to fixed tooth, pointed. 

Femur of first leg with two diffuse brown rings and proximal end tinged 
with the same color; the second with similar markings but deeper in color; 
on the third the pigment is not so heavy, but the rings may be easily seen. 
Tibiae with no definite rings, but brownish in color. Femur, tibiae and tarsi 
as follows: I 1.5 mm.; 1.5 mm.; 0.75 mnx.; II 1.9 mm.; 2.0 min.; 0,75 mm,; 
III 2.4 mm,; 2.5 mm.; 1.00 mm. Posterior wing pad 2.9 mm. 

Dorsal surface of abdominal segments brown, mottled with numerous, gma l1 
dots lighter in color. Middorsal area of segments with no Mots on it and 
lighter in color than the rest, increasing in width from proximal margin of 
fifth segment and reaching its maximum on segment 10. About the middle of 
the segments 7, 8 and 9 and on the sides of the light middorsal areas, dark 
browm dots. Similar but fainter dots about % of the segment on 5 and 6. 
Lateral keels with spines. Female gonapophyses on 8 and 9, reaching beyond 
the distal margin of segment 10. The one on the 8th is the longest and that 
of the 9th with tips highly ehitinized. Gills, lateral ones lanceolate, tapering 
to a point; more or less pigmented throughout with scattered larger brown 
dots. Heavier and larger pigmented areas on outer margins of distal half 
tending to form irregular bands. Tracheal branches pinnately arranged, being 
more numerous in npper half above central main trunk, than in lower area, 
pigmented and scarcely branched. Marginal spines about one-half the length 
of the gill. 

Alinirante Road, near Yega Baja, Km. 6.7, March 9, Needhain 
and Garcia-Diaz. 

REMARKS 

The description is based on a single speeimeii obtained in the 
same place where a series of adults %vere collected at the same time. 
One of the legs was cleared and showed the eharaeteristic long spines 
of the genns. 

Ceratura capraaZa (Hagen) (Siipposition) 

(PI. :V, '.Figs. 2, 5), 

Length 9.5 mm. + 3. 8-4.3 mm. gills; abdomen 6.1 mm. 

Hind margms of head standing out more than usual with many spines 
easily seen. Greatest width across the eyes 3.3 mm. Segments one and two 
of the antenna brown in e the rest with a very faintly tinge on their 
proximal ends. Batio of the antennal segments 1 : 1.5 : 2 : 1.7 : 1.2 : .9 : .5. Labium 
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strong and large one mental and six ■ lateral setae. Distal margin sliglitly 
erenated with minute spines in crennlations close to "base of lateral loheSj -wMcli 
becomes teetli-like as they approach to the center. Lateral lobes with straight 
smooth inner margin* the distal central margin between the fixed tooth and 
the movable hook slanting rapidly from the former to the base of the latterj 
slightly creniilated and having a few minute spinnles on its central length. 

Penioi'a with dark colored proximal ends and two dark brnwii rings showing 
better on the first two than on the hind one. Tibiae with very fine hairs on 
their outer surfaces, more nnmerons than nsnal. The femnr, tibia and tarsus 
ineasiiriiig : I 1.6 mm.; 2.0 mm.; 0.8 mm.; II 2.25 mm.; 2.4 mm.; 1.1 mm.; 
Ill 2.75, iiini.;. 3.0 mm.; 1.2 mm. 

Abdomen eyliiiclrical ; a light middorsal area on each segment, largest on 
9 and 10. The rest of the segments dark brown in color with numerous setae, 
but 110 strong spines. Lateral keels conspicuous on segments 2-7, without 
spines, the clistai ends of those on 2-5 white in color. Distal margins of seg- 
ments 0-9 with dull w'Mte marks, hlale- ganopophjses reaching the middle of 
segment 10. Gills with praetically no branches in the proximal third, those 
beyond, not greatlT branched, pigmented' and running more or less parallel to 
the margins, but rearward. Sides of gill gTaduaily widening out for about 
half the distance, when they widen suddenly becoming abruptly to a point at 
the tip. Main trachea |iigmented and a little * pigment throughout the entire 
gill, 'with rounded, irregularly scattered, patches along the margins. Marginal 
spines of middle gill about one half the length of the g,ill with fine setae be- 
tween the sj5iiies. 

'Rio Piedras Iliver, south of . the Agrielutural Experimental Sta- 
tion, March IS Needham .and Grareia-Diaz. 

remarks 

. Fciiir uy:ni|>lis with 'the setal formula given ivere collected. One 
■of them is too young and the pother three are too old to show the 
venation. . w ■ 

Klots (1932) has described a iiyinpii collected by Doctor Need- 
liaiii; at 'Wisiiiar, British Guiana, April 13, 1930'. These nymphs dif- 
■ lex; in niany details from the one described by Doctor Klots, but 
is 'only a supposition which is justified mainly on the basis of the 
size. The nymphs which I.-tahe for fully mature, because of the 
stage of development of the wing pads, .are too small for any of 
the other species on the Island with the exception of ArgmlUgma.. 
mriitittt-ui from which are easily distinguished by the setal formula. 
The laeasuremeiits given are based on one of the nymphs since of the 
other tliree one is too young and the, other two had their .abdomen 
elongated due to . poor preservation. - . 
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Enallagma civile (Hagen) 


REMARKS 

Tlie iiyinpli of tMs , -species was describecr.by Doctor , Needliani 
and Coc'kereli (1903). Its absence in the colleetion struck me, more 
so wlieii adults were collected and seen in many places where nymphs 
apparently were absent. Upon examining the venation of the wing 
pads of some nymphs believed to be Isehmira I found 

that ill — ifo arose in maii 3 " of them between the 4th and 5tli post- 
iioclals instead of between the 3rd and 4th. This siiggesied the pos- 
sibility of some of these nimiplis being those of Enallagnui cwile. 
TMs supposition .was backed to a certain extent by some of .those 
ntniiplis liaviiig three menta.l setae,.: other wit-li tiire-e pieiitals and 
soineti.iiies a iTidiineiitarA^ fourth one, while a few others would have 
four mental and lastly a riicli.mentaiw fifth one. These facts made 
it impossibie to oertainU distinguish EmiUagnia dvUe from Isachnura 
ranibumy since ail other.. characters, including the gills, seem to in- 
tergrade and be similar in the two species. The lengths of the second 
and third antenal segment are somewhat reliable in dist.mgtiisM.ng 
them. Ill Enallagma the third segment is fully one and a half 
times longer than the second wdiiie in Isckmira it is slightly longer, 
but nether as in -the first ease. The Puerto Eieaii species, as it often 
happens with corresponding northerii.^ and soutliern. ones., seems to 
.be smaller in si.ze tlnm. that -described Needham and CookerelL- 

Were it not for this, it could. .be. easily told apart because none o-f 
Puerto Eiean species a-ttain the size of the original description, ' A 
reared series of both species will be the only possible final criteria. 

Enallagma coecmi (Hagen) 

Lengtli 12-12,5 mm. -f 43 min.-4.5_ mm. gills; abdomen 8-8.3 mm. . ■ 

Dorsal surface of head back of posterior margin of eyes dotted, with brown 
spots wMch are the bases of small spines ; hrn.d angles smootii and but with a 
few,, on margin. Widest distance across the eyes 3.1 mm. First and 

second antennal segm.ents brown, proximal and distal e.n..ds of third segment 
tinged .with brown with a lighter middle-' area; segments .4, 5 and 6 with prox- 
imab .ends , tinged . with brown . also. Batio. of antennal segments 1:1 :1..5;. 9.: 
.5:.3,:,2v . Labium , with one mental and ..three .lateral setae. Distal margin., of 
mentiim, irregularly serrated for about one-fourth its Uistanee , from the 'base 
of. lateral ..lobe, from there on to the center more regularly serrated with minute 
spinules , set in ■ the notches. Inner ni.argin of lateral lobe uneven: deep notiA 
•between terminal' hook and 'central distal portion between the latter and movable 
hook., 'Distal margin of this central lobe broken into 3-5 irregular teeth. 

: ; . 'Femora ' of '.all legs ' 'with ' an apiiml : brow^ ring, rest of the legs without 
markings.. .. Inner -proximal end, of tibiae with a chitinized spine-like outer mar- 
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gin. Distal end of tarsus darker in color than the rest. Fenaoraj tibia and 
tarsus: I 1.55 imn.; 1.9 mm.; .9 mm.; II 2.1 mm.; 2.2 mm.; 1 nim.; Ill 
2.7 inm.; 2.75 mm.; 1.15 mni.; Posterior wing pads 3.9 mm. 

Abdomen covered with numerous spines. A middorsal thin line which broad- 
ens posteriorly on segment 8, 9 and 10, where the clear area covers most of 
the dorsal surface. An area, darker than the rest of the segment, on the sides 
of the clear line, widest in segments 6 and 7 and hardly noticeable on the 
sides of clear area on segment 10. On the distal middorsal margins of seg- 
ments 4-9 two broAvn spots separated by the clear central line. On the same 
margins and half way between dorsal dots and lateral keel a small dark dot 
on segments 4, 5, and 6. Lateral keels well developed on segments 2-8 with 
easily seen spines on the entire keel. Gonapophyses of female on 8 and 9, 
reaching distal end of segment 10, those of male as far as the middle of seg- 
ment 10. Gills jointed, marginal spines extending to the joint, the rest of th© 
margin with very final setae. A main central trachea with few rather simple 
lateral brand)?® s most numerous beyond the joint, on proximal half some pig- 
mented tracheal branches. Pigment on proximal half close to central trachea; 
on distal half covering a broader area in irxegnlar patches, sometimes tending 
to form 2 or 3 cross bands. The tips of unbroken gills end in a 
in the majority this tip breaks and the gill ends in an acute angle. 

Adjiiiitas, March 28, Needham and Gareia-Diaz. 

REMARKS 

Klots (1932) in discussing the species E. coecAim and E. carde- 
niimi after a most careful and exact consideration of the male ap- 
pendages as w"ell as indicating other differences in the adults did 
not feel like making them two diffei*ent species, but the second a 
siibspeeies of the first. The rearing of a male and female specimen 
by Doctor Needham and myself and a comparison of these iiyinxihs 
with the description of the one by Byers (1930), tend lo make a 
valid species for Enallagma oardemimi. The differences between tlie 
described nymphs as well as those of the adults indicated by Klots, 
it is believed, substantiate this view. 

The nymphs upon which Klots based her description as Telebads 
dommiCiimmi were, I think, not fully developed which may account 
for diserepaneies iir both descrix)tions. 

Enallagma c^dtelladum (Hagen) 

(PI. V, Pigs. 6, 7) 

Length 11.5 mm. + 5 mm. gills; abdomen 7.5-8 mm. 

Head much wider than long; eyes standing out laterally from hind mar* 
gins with the emargination where the former and the latter meet deeper tha» 
usual; hind margins slightly spinulose and not smoothly rotinded, but tending 
to form a wide angle at their extreme outer points as they curve into proximal 
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margin of eyes. First segment of the antenna and two-thirds of the second 
brown in color j the rest with no markings. Ratio of antennal segments; 
1:0.8 :1.6 :1.0 :0.6 :0.4 :0.3. Labium with 3 -j- 1 mental and 5 lateral setae. Central 
distal portion of mental lobe smoothly rounded with its edge crenulated, with 
small denticles set in the crenulations^ most easily seen in central half of the en- 
tire margin. Inner margin of lateral lohe minutely erenulated. A deep broad, 
slightly deeper than broad, notch between the terminal fixed tooth and the 
distal central portion, of the lateral lobe; this latter one broken into three well 
defined teeth followed by an irregular broken surface and a straight outermost 
side; the first tooth about twice the size of the following one. 

Legs slender, the femora with distal or apical brown rings, their proximal 
ends also brown; tibiae with a proximal incomplete brown ring showing best 
on the ventral surface, the rest of the legs with no color pattern. Measurements 
of femur, tibia and tarsus: I 1.5 mm.; 1.8 mm.; 0.8 nxin.; II 2.0 mm.; 2.1 
mni. ; 0.9 mm.; Ill 2.6 mm.; 2.7 mm.; 1.00 mm. 

Abdomen with lateral keels strongly developed on segments 2-8, spiny, end- 
ing at their distal end in two strong chitinized spines in segments 2-7; seg- 
ment 8 with only one distal lateral spine; segment 9 without a well marked 
lateral keel, but showing a single sti’ong terminal spine in place corresponding 
to preceding ones. On middorsal line of segments 4-9, on distal margin, two 
spines larger and more strongly chitinized than the rest, on middorsal surface 
of segment 2 near its proximal margin a close tuft of setae; a smaller and 
similar tuft on segment one. Gonapophyses of female on 8 and 9 not reaching 
but close to distal margin of segment 10. Gills jointed about half-way their 
length, with pigmented branched tracheae. Marginal spines to the joint ter- 
minating in one thicker than the other with a strongly chitinized base. 

Tortug‘iie.r() Lake, February 14, 15, Needham and Garcia-Diaz., 

REMARKS 

A reared male and a few east skins served as a basis for the- 
deseriptioii. No other nymphs were collected. The measurements 
are mainly from the cast skins. Tlie color pattern of the gills of 
the living nymphs may very from the one given herein. 

A very young nymph from Caho Tiburones shows on its gills 
the charaeteristie spine of the marginal ones. The gills have many 
transparent areas alternating with incomplete, iri’egiilar transverse,, 
light brown areas. Lateral branches few, branched and pigmentecJ 

Telebasis vwlnerata (Hagen) 

(PI. V, Pigs. 8, 9) 

Length 12.5 mm. + 4.5 mm. gills; abdomen 7.5 mm. 

Head with large conspicuous eyes, posterior margins smoothly rounded and 
slightly spinulose. Ratio of antennal segments 1 : 1.5 : 2.6 : 1.8 : 1.1 : .8 : .5 The sec- 
ond segment with a small distal outwardly placed dark spot. The rest with 
no markings. Extremely fine setae on papillae on the middle of segment three 
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as Avell as on its distal end where they are more numerous. Similar papillae 
and setae on distal ends of segments 4r-7. Labium reaching; the middle coxae; 
three mental setae with many minute ones scattered about; six easily seen 
lateral ones with an additional w-eaker and smaller one close to the base of 
lateral lobe. Distal margin of mentum smooth with teeth-like spinules separated 
by a distance at least equal to the size of the spinules. Central distal margin 
of lateral lobe somewhat truncate with a slight notch close to fixed tooth 
and on its outer two thirds bearing spinules similar to those of distal margin 
of mentum. 

Peniora with two brown rings separated by three nearly equal light areas. 
"The first brown ring on the first femora not so clearly marked at th© others. 
Extreme proximal end of the tibiae tinged with brown as well as distal end 
of femora. Distal end of tibiae light in color followed by a brown ring, rest 
of tibia clear. Femora, tibiae and tarsi as follows: I 2.0 mm.; 2.4 mm.; tarsi 
missing; II <^2. 6 mm.; 2.7 mm.; 1.1 mm.; Ill 3.3 mm.; 3.4 mm.; 1.4 
mm.; Posterior wing pads 4 mm. 

Abdomen with well developed spines on the lateral keels of segments 4, 6, 
6, 7 and 8 though less numerous on the first and last of those mentioned. 'The 
distal margins of these segments decidedly brown with light clear areas. Two 
brown broken lines close to the lateral keels. Dorsal surface of some segments 
sparsely covered with short spines most numerous in segments 6, 7, and 8. The 
tenth segment decidedly circular, the distal margin fringed with short, strong 
cMtinized spines. Female gonapophyses on 8th and 9th segments nearly reach* 
ing distal margin of segment 10. Gills about three and a half times as long 
as wide; dorsal marginal spines of middle gill, one half its length, on the 
spaces between the spines very fine setae varying in number, but most numerous 
on distal ones; the main trachea pigmented with light and dark places, lateral 
branches not very numerous, but strong and more branched towards the basal 
portion of the gill, pigmented. Basal half of gill with little pigment when 
compared with distal one where it is irregularly scattered in darker blotches 
with lighter areas between. 

Maricao Forest Reserve, Camp Buena Vista,, Marcli 24, Needliaui. 

REjUARKS 

, A. single reared female speeimeri, on the east skin of wliieli is 

based tlie description. No more nymphs collected. As indicated 
befoi'e I think the nymph described under this name by Klots (1932) 
is E. eoecum. 
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Table II. THE ALTITUDINAL DISTRIBUTION OF ODONATA: 
NYMPHS AND ADULTS 


Species 

Nymphs 

Adults 

No. of 
Sta. 

Min. 

Alt. 

Alax, 

Alt. 

No. of 
Sta. 

Min. 

Alt. 

Max. 

Alt. 

ANISOPTERA 







1. Acanthagyna nervosa 

*1 

80 





2, Aeschna cornigera 

*1 

2350+ 


1 

1968 


3. Anax amazili 

1 

80 ’ 




4. Anax junius 

5 


1968 

9 


1896 

5. Oannacria herbida. 

♦1 

20 


11 

0 

300 

6. Brachymesia furcata 


164 


1 

300 

7. Goryphaeschna adnexa 

, 3 

0 

164 

3 

0 

300 

S. Dythemis riifinervis 

5 1 

80 

2000+ 

18 

0 

1896+ 

9. Erythemis plebeja 




6 

0 

,600 

10. Erythrodiplax berenice naeva 




1 


(10 

11. Erythrodiplax c. justiniana 

*1 


164 

12 

0 

1890 

12. Erythrodiplax niiiiuscula 




o ^ 


80 

13. Eridhrodiplax umbrata 

2 

0 

80 

17 

0 

1050 

14. Gynacantha triflda 








1 


0 

1 

6 


16. Lepthomis vesiculosa 

3 

6 

300 

18 

0 

1050 

17. Macrothemis celerio 

4 

100 

1300 

18 

0 

2000+ 


1 


300 

4 

0 

86 

19. Micrathyria aequalis 




1 

20 

20- Micrathyria didyrna didyma 






21. Micrathyria dissoeians 

*1 


300 

8 

20 

233 

22. Micrathyria iiageni 





23. Orliemis ferruginea 

4 

80 

1300 

IS 

0 

1980 

24. Pan tala flavescens 




s 

0 

1500 

25. Perithemis domitia : 

2 

SO 

164 

3 

20 

164 

26. Scapanea frontalis 

3 

500 

1968 

10 

16 

2000+ 

27 Trainea abdominalis 

1 


20 

17 

0 

1896 

28. Trainea binotata 




4 

0 

500 

29, Trainea onusta. . . . i 




8 

0 

104 

ZYGOPTERA 





30. Anoiiialagrion hastatum 

2 

80 


11 

0 

500 

31. Argiallagina minutuni 

*1 



2 


32. Geratura capreola 

0 



3 


500 

33. Enallagina civile 

0 



11 

0 

1896 

34. Enallagnia coeciim 

10 

80 

1050 

23 

0 

2000+ 

35. Enallagina cultellatum 

1 

0 


1 

0 


36. Isohnura ramburii 

3 

0 

300 

18 

0 

300 

37. Leptobasis vacillans 







38. Lestes forficula — 

8 

0 

1461 

io" 

6 

500 

39. Lestes searlaris 




2 

0 

500 

40. Lestes spiunariiis 




1 

17 

41. Frotoneura capillaris 




1 


80 

42. Teiebasis dominicaniim 




9 

17 

1 1968 

43. Teiebasis vulnerata f 

1 



1 

2350 

15 

16 

2000 


^ Nymphs designated by supposition. 
Sea level. 
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SUMMARY OF Table III. 



Bowdish, 

1902 

Danforth, 

1926 

Wetmore, 
1916; 1927 

Total number of species of birds reported feeding on insects . . . 

30 

53 

69 

Species feeding on odonates 

2 

15 

12 

Percentages of species preying on odonates 

6.6 

28.3 

17.4 


NOTE 

While the preceding pages were in press specimens were collected which 
alter some records and points of view taken at the time the work was done. 


Acmtliagyna nervosa Bambiir 

Speeimens were collected in Tortugiiero Lake, west end Oct. 31. 
The end of the lake was completely dry. While collecting, late in 
the afternoon, it became quite* dark when a specimen was seen. 
Presently other specimen appeared and seven were collected. They 
fly close to the ground, from 12 to IS inches, among the elum|:)s of 
grasses. Once seen it is most probable to capture them, even If 
missed ones or twice, because they keep flying slowly around. 

The collecting of these specimens in this place questions the sup- 
position of the numph described under Goryphaesclina adnexa^ The 
adults were collected exactly on the same place where the nymphs 
believed to be the same as that dscribed were collected. Could these 
nymphs be those of Acanthagyna nervosa and not those of Cory- 
phaeschna adnexa? 

Gynacantha irifida (Rambur) 

Specimens of this species were captured for the first time in 
Ameryjiil, a small farm on the Trujillo Alto road Km. 1.2, Oct. 9, 
at dusk, close to a small creek east of the main road. Another speci- 
men was caught in the same place Bee. 8 at 5 ; 00 P. M. Two other 
specimens were obtained about four kilometer from the place: one 
at home, Stop 38% Hato Rey, Nov. 18, which flew into the bath 
room and another found in a room of the Stahl building in the 
University by Mr. R. Cordova Marques, Dec, 20. 

The adults appear late in this afternoon. They are very rapid 
flyers making it nearly impossible to capture them. They do not 
fly usually in the open but keep “nosing” into the higher plants 
and bushes. Their somber colors make it some times impossible to 
distinguish them and only their flight makes them visible. I have 
never seen one standing still. Now and then they dart up into the 
open space above, reaching an altitude of 30 feet or more. 
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The collection of the specimen at Stop 38%, Hato Rey, verifies 
the .statement made on page 55. The presence of adults in the 
mentioned area questions, in view of the statements made under 
AcmitJmgyna ill this note, Klots’ (1932) assumption about the nymx)h 
believed by her to be that of AcantJiagyna. 
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Appendix A 

The following is a record of the material collected in. Puerto Rico 
togetlier with the one discussed on the preceding pages. As stated 
before, I feel a deep and gi'eat obligation for the specialists who most 
kindly have made the determinations. Dr. C. P. Alexander deter* 
mined the Tipxilidae; Dr. C. Betten the Trichoptera — this order has 
been worked only to genera due to lack of time on my part to take 
advantage of Doctor Betten help; Dr. W. T. M. Forbes the Lepi- 
doptera; Dr, R. Matlieson the Gulicidae; Dr. P. N. Mnsgrave the 
Dryopidae ; Dr. A. J. Mntchler the Dytiscidae, Gyriiiidae and Hy- 
drophilidae ; Dr. J. G. Needham, the Odonata; and Dr. J. R. Traver 
the Eplieiiier»ptera. Dr. 0, A. Johannsen is working the rest of 
the Nemocera, and Dr. H. B. Hungerford the aquatic Hemiptera. I 
have still some material which will be submitted, in the near future, 
to other specialists. 


COLEOPTERA 

Dryopidae: det. Dr. P. N. Mnsgrave. 

1. Cylloepus danforthi Musgrave. 

2, Neoelmis gracilis Mnsgrave. 

8. Fhanocerm* hubhardi* Schaeffer, 
Dytisddae: det. Dr. A. J. Mntchler. 

4. Bidesus^ sp. 

5. Gopelatm posticatm E. 

6. Hydrocanthus iricolor Say. 

7. LacGOpJdl'us hifasciatus Ghevrolat. 

8. LaccopMlm prowimus Say. 

9. Pachydrns brevis Sharp, 

10. Pachydrzis globosus Anbe. 

11. Bhantus^ caUdkts* P. 

12. Thermonectes hasillaris Harris. 

13. Thermoneotes cirmmscriptus Latreille. 

14. Thermonectes margineguttatus AjoBq, 
Gyrinidae: det. Dr. A. J, Mntchler. 

15. Dmeutes metalUcus Anbe. 

16. Dineuies longirtianm portorioensfi^ Ochs. 

17. Gy firms rugifer Regimbart, 
MydropMlidae: det. Dr. A. J. Mntchler. 

18. Berosus gmdaloupeiisis Flmt. andL Salle. 
W.BerosusiessclatusOhevTolal. 

ZO. Defallvs^ rndis* Sharp. 

21. Bnochms nebulosus Say. 

22. Mnoohrm ochraeeus Melsh. 

23. SydropMlns h,sukms Ghevrolat. 


* New record of genus and species based on material collected. 
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24. IIydropMl%s ater intermedius Jaeq. Duval. 

25. N echydropMlus'^ phalUcus^ Oroliymont. 

26. Ochthehus sp. 

27. Taracymm'^' sibbcupreusf^ Say 
2S. Pelosoma'^ sp. 

29. Fhaenotypus'^ palmarum* Schwarz. 

30. Tropisternus collaris P. 

31. Tropisternus lateralis P. 

DIPTEBA 

CuUcidae: det. Dr. R. Matheson. 

32. Ckaohorus* festhms^ D. & S. 

33. Cidex antillim-magnorum Dyar. 

Tipulidae: det. Dr. 0. P. Alexander. 

34. Dolieliopem (Megistomastixq amtiloha*^ Alex. 

35. DoUehopesa (Megistomastix) ohtusiloha*^ Alex. 

36. Erioptera (Mesocypfiona) caloptera Say, 

37. Erioptera (Mesocyphona) portoricensis Alex. 

38. Gonomyia (Lipophleps) hicornuta Alex. 

39. Gonomyia (Lipophleps) monocantJia'^* Alex. 

40. Gonomyia (Lipophleps) orthomera^^^ Alex. 

41. Gonomyia (Lipophleps) plenralis (Will.) 

42. Gonomyia (Lipophleps) suhterminalis Alex. 

43. Gnophomyice dia^i^^ Alex. 

44. Eelim (Helms) alMtarsis O. S. 

45. Hexaloma (Eriocera) trifasciata (Boder). 

46. Limonia ( Geranoinyia) antillarum Alex. 

47. Limonia ( Dicranomyia) hrevivana torrida Alex. 

48. Limonia (Neoli'mnol)ia) diva Scliiner). 

49. Limonia (Dicranomivia) distans O. S. 

50. Limonia (Ehipidia) domestica 0. S. 

51. Limonia (llhipidia) tetraleiwa*'^ Alex. 

52. Limonia (Geranomyia) subreeisa Alex. 

53. Tolyrnera (Tolymera) geniculata Alex. 

54. Shannonomyia leonardi Alex. 

55. Shannonomyia triangularis (Alex.) 

56. Toxorhina (Toxorhma) fragilis Lw. 

57. TrentephoUa (Earamongoma) niveitarsis Alex. 

EPHEMEEOPTERA: det. Dr. J. R. Traver. 

Baetidae. 

58. BaelTs* garcianm** Traver. 

59. Raeiis spp. 

60. Boringiiena*''^ carmencita^^ Timet. 

61. Borinquena contfadicens** Traver. 

„ , 62.- Gaenis* sp. 

63, CaUibaetis complet a ‘Bwdks* 

64. Cloeodes^'^ maeulipes^^ Traver. 


* New record of genus or species based on material collected. 

** New genera and species based on material collected. 
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65. Gloeodes -portoricense^* Traver. 

6(5. Gloeodes consignatwni^'^ Traver. 

67. Gloeodes sp. 

68. Neohagemihis'^'^' juUo^'^ Traver. 

69. Neohage7inlus tincUis'^"^' Traver. 

70. Neohagemdus sp. 

LEPIDOPTERA: det. Dr. W. T. M. Eorbes. 

Progona pallida MoscMer. 

Gosmopterigidae. * * 

Eriplna? sp. 

Fhaloniidae*'^‘^ 

Flialonia sp. 

Fyralidae. 

71. Jrgy'tmdis smnptuosadis Mosehler. 

72. Ntjmphida ruffosalis MuaeWer. 

Timidae.^^* 

Achanodes sp, 

Hommtinea/ UscheriellaF Walsingham. 

Mea inciidella Forbes. 

Proiodarcia sp. 

Tortricidae,^*^' 

Baldis excitanai Mosehler. 

Epiblema sp. 

TRICHOPTERA: det. Br. 0. Betten. 

SeUcopsychinae. 

73. JleUeopsyehe sp. 

SydropsyeMdae, 

74. Ainicridea'^ sp. 

MydroptilidaeP 

75. ITydroptila sp. 

76. N sp. 

77. New genera.^* 

78. OxyetMroA sp. 

Leptoceridae. 

79. Setodes'^sp. . 

FMlopotamidae. 

50. Chimarrd alhomaculaia Kolbe. 

51. CMmarra sp.* 

Folyceniropidae^ 

^ : 8,2. New' genus.** 

Fsyohomyidae.^ 

SS. Lype- sp. 

FhyacopMUdae.* ■ 

S4:. Atopsyche* sp. 


* New record of genus or species based on material collected. 

Not aquatic. 
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EXPLANATION OP PLATES 
Plate IV 

ArgiaUagnui minutum (Selys) 

Plate V 

1. ArgiaUagma labium. 

2. Ceratiira capreolci;, labium. 

3. mimitmn, gill. 

4. Coryphaesclina adnexa, labium. 

5. Ceraiura capreola, gill. ^ 

6. Enallagma cnltettatnm, gill. 

7. Emillagma cnMellaPum, labium. 

8. TeUhasis vulnerafa, labium. 

9. Telehasis vulneraia, gill. 

Plate VI 

1. Brachymesia furcata, part of abdomen witli cloi^sal hooks and 

caudal appendages. 

2. Cannacria herbida, part of abdomen, lateral, with dorsal hooks 

and caudal appendages. 

3. Brachymesia furcaia, part of the abdomen, lateral, with cIoi\sal 

hooks and caudal appendages. 

4. Cannacria herbida, antenna. 

5. Brachymesia furcaia, antenna. 

6. Cannacria herbids, part of abdomen, with dorsal hooks and 

caudal appendages. 

7. Coryphmschna adnexa, caudal appandages. 

8..' Anax amazili, caudal appendages. 

PlATE VII 
Wings of: 

IP Cannoxfia herbida. 

2. ArgiaUagma minutum. 

3. Idiataphe cuhensis. 
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THE NUTRITIVE VALUES OP SOME FORAGE CROPS OF 
PUERTO RICO 2, 3 

1. Grasses 

By J. H. Axtmayer, G. B. Asenjo and B. H. Cook, 
of the Department of Chemistry, School of Tropical Medicine, San. Juan, P. R. 

Introduction 

Tlie importance of the knowledge of the feeding value of forage 
crops in relation to the modern livestock and dairy industries is 
recognized. 

Metabolic experiments carried out with lambs have proved to be 
an acceptable and practical method of determining nutritional in- 
dexes of feeds, such as the biological value, coefficient of apparent 
digestibility, etc., these serving to give the relative nutritive values 
of different forage crops when fed to rimiinants. 

Since no work of this kind has been undertaken before in Puerto 
Rico, ive have had up to the present time no exact knowledge concern- 
ing the nutritive values of the different pastures used in our dairy 
and livestock industry. 

The data presented here has been collected from experiments 
carried out during the years 1936 and 1937, We have tried to ob- 
tain information (similar to that collected in studies on forage crops 
in the United States) concerning the nutritive values of those pas- 
tures most commonly used on our Island, but in no ”way should this 
initial investigation be taken as a final dictum on the matter. In 
addition to the woi'k which has been done to determine tlie nutri- 
tional indexes of the different grasses studied, we have also tried 
to obtain information regarding the influence such factors as the 
stage of maturity at the time of cutting, the cutting and the kind 
of f ertilizer used, may have on the nutritive values of these grasses. 

^ CoGperativ© project between the Agriculttiral Experiment Station of the University of 
Puerto Eico and. the School of Tropical Kedicine. 

2 conducted by the Experiment Station at Rio Piedras. 

® Study made possible from grant-in-aid of the Bankhead Jones Act of U. S. A, 
Congress 1936. 
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These factors are of enongli importance to be the subject of a special 
investigation. Therefore, justification for presenting the present 
study lies in the hope that the data given here shall serve to indicate 
the problems to be solved in a systematic study of the nutritive 
indexes of the forage crops of our Island. 

Eeview op the Literature 

Although literature on the present subject is non-existent in 
Puerto Rico, it is so extensive in the States that it seems unnecessary 
for us to present more than a review of those studies from -which 
we have tah^u our method. Sotola points out, that the most accurate 
method of evaluating proteins aj,«^e present time appears to be 
that employed by Thomas and later modified by Mitchell (1). 
Mitchell performed a rigorous and extensive investigation of his 
method and came to the conclusion that it possessed a high degree 
of accuracy. It will be interesting to note that Mitchell used white 
rats as experimental animals. The method followed by Sotola (2) 
in his investigation on the biological value of the forage crops of 
the United States is similar to that recommended by Mitchell, being 
modified only in that Sotola used sheep instead of rats. The ad- 
visability of using sheep is clear, as results obtained in nutritive 
experiments with these animals have been shown to apply to cattle 
(3), and they are easier to work with. 

The methods we followed in the determination of apparent coef- 
ficients of digestibility were the ones used by Sotola (4) . 

Material and Methods 

The animals used in our experiment were native sheep whose 
ages ranged from six to eighteen months when purchased. We 
searched the Island in the hope of finding a pure breed of sheep, 
but could not find a single farm Where the breeding or care of sheep 
were carried out under controlled conditions. The animals had 
been allowed to roam about the farms and could not be used during 
the first two or three weeks after they were brought to the laboratory 
because they were practically unmanageable. 

The grasses studied were grown at the Experiment Station Farm 
of the University of Puerto Eieo at Eio Piedras. A field of ap- 
proximately 2 acres was divided into seventy-two 1/40 acre plots, 
each treatment of the soil being replicated twelve times. One half 
of the replication was fertilized with a mixture of 400 pounds of 
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ammonium sulphate and 200 pounds of double superphosphate per 
acre, and the other half was fertilized with 400 pounds of ammoniuin 
sulphate alone per acre. 

The stages of maturation at which these grasses were cut were 
just before or during the flowering periods. 

The cutting was done early in the morning, the grasses being 
chopped into pieces ranging from 2 to 4 inches in length, put into 
jute bags and sent to us by truck, arriving usually at about 8 or 9 
o’clock in the morning. 

The detailed field conditions under which the grasses were grown 
are given in table A. 

Experimental • 

Metabolism cages, 3% feet long, 2 feet wide, and 3 feet high, 
similar to those used by Sotola (4) were constructed at the School 
shop. Each cage was provided with a double bottom for the cob 
lection of the urine and feces separately. 

The animals, before beginning an experimental period, were kept 
during a preliminary period of 10 days on the ration to be tested. 
At the termination of this preliminary period, the animals were 
placed in the metabolism cages and the collection of the data for 
the experiment was begun. Each experiment lasted ten days. 

The following data were collected during these ten-day experi- 
mental periods: 1. Initial and final weights of the animals at the 
start and the end of the experimental periods. 2. Weights of the 
feed consumed per day. 3. Weights of the feed refused per day. 
4. Weights of the feces eliminated per day. 5. Volumes of the water 
consumed per day. 6. Volumes of the urine eliminated per day. 

These data were collected practically at the same time every day, 
from 9 to 10 a. in., and aliquot samples of the feeds given, the refuse 
left, and the feces and urine eliminated, were taken for analysis. 

All the solid samples eolleeted were dried in an air oven at 100*^0. 
The composite aliquot samples of the feces and urine were kept in 
the ice box. Xylol was added to the nrine as preservative. The 
samples of the grasses were kept in paper bags after having been 
dried. All the solid samples were ground in a Willy mill at the 
end of each experimental period ; the powder obtained was mixed, 
and large enough portions of it were put into amber bottles provided 
with tight stoppers to be preserved for analysis. All the analyses 
reported in this study have been performed according to the methods 
of the Association of Official Agricultural Chemists. In the case of 
the nitrogen determinations, we used a solution consisting of ten 
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parts of a saturated solution of metliyl red in 50 per cent aleoliol and 
one part of a 0.25 per cent methylene blue solution in ivater as an 
indicator to titrate the standard acid in which the ammonia was col- 
lected against the standard base. A fresMy prepared solution was 
used whenever titrations were performed. This indicator mixture 
has the advantage of giving a very sharp end point, changing from 
violet on the acid side to green on the alkaline side. 

An artificial ration having the following composition was given 
to the animals during the trials performed for determining the 
minimum protein required for maintenance: 


Para grass straw (no leaves) 

Sugar 

Star ell 

Cellu flour 

Bone meal 

Oil - 


10. 00 per cent 
21. 43 p«r cent 
21. 43 per cent 
43. i90 per cent 
2. 00 per cent 
1. 24 per cent 


Group A and Group B of our animals became used in this diet 
after a short time and ate an average of about 400 grams of it per 
day. The animals of Group D and Group E never became used to 
it, preferring rather to starve. Due to this, we ran only four trials 
on this low protein diet; three with animals in Group A and one 
with animals in Group B. We have calculated the body nitrogen in 
the feces per gram of dry matter ingested and the body nitrogen 
in the urine per kilogram of body weight from the data obtained 
from these trials. The average value obtained from these four trials 
was applied to all our animals. 

Existing data indicates that the body nitrogen in the feces per 
gram of the dry matter ingested and the body nitrogen in the urine 
per kilogram of the body weight for sheep receiving a low nitrogen 
ration is quite uniform. We include the results obtained by other 
investigators as well as by ourselves for the low protein trials, in 
table 3. These results are quite close if we consider the different 
breeds of animals used. 

Eesults 

Table no. 1 records the percentage content of nitrogen in the feed 
consumed, the refuse left, and the feces and urine eliminated. These 
values are later used in the determination of the biological values of 
the grasses. . 

Table no. 2 gives the data gathered during the four ten-day 
metabolism experiments in which the nearly nitrogen-free rations 
were fed. The average valnes obtained for the body nitrogen in 
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the feces per gram of dry matter ingested and the body nitrogen 
in the urine per kilogram of body weight are 0.043 grams and 0.526 
grams of nitrogen respectively. We have appalled these average 
values in computing all our calculations for the biological values of 
the proteins. 

Table 3 reports the values for body nitrogen in the feces per 
gram of dry matter ingested and body nitrogen in the urine per 
kilogram of body weight obtained by other investigators as well as 
by us. 

Table 4 gives a summary of the metabolism experiments upon 
which the determinations of the biological values of the protein in 
the grasses are based. ^‘Body Nitrogen Feces’^ is obtained by multi- 
plying the weight of the total dry feed intake by the body nitrogen 
in feces per gram of dry matter ingested; while the “Body Nitrogen 
in Urine’’ is obtained , by multiplying the average body weight of 
the animal in kilograms by the body nitrogen in urine per kilogram 
of body 'weight. The percentage of the total j^rotein absorbed through 
the intestine and retained in the body is called the “Biological Value 
of the protein. This value is computed from the following equations 

Biological value == 

1 00 Food N-(Total N in feces-Body N in feces) -(Total N in urine-Body N in arin 
Pood N- — (Total N in feces-Body N in feces) 

1 nn Food N retained 
F'ood N absorbed 

Table 5 contains all the proximate analyses of the offered and 
refused portions of the rations used in the different experiments* 
These analyses are all reported on a dry basis. Protein throughout 
this work is understood to be the nitrogen value niviltiplied by the 
factor 6.25. , 

Table 6 gives the proximate analyses of the feces eliminated 
during the different trials. These analyses are also given on a dry 
■basis. 

The coefficients of apparent digestibilty are given in table 7. 
By this coefficient we mean the percentage of the substances in the 
feed eaten that is absorbed in the intestinal tract. Ooeflicients of 
apparent digestibility of dry matter, fat, carbohydrate, ash and or- 
ganic matter have been calculated. These eoefficients are computed 
with the following equation: 

Coefficient of apparent digestibility =« 
lOQ Substance in the feed fed— Substance in the feces eliminated 
Substance in the feed fed 
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Table 8 gives the digestible nutrient in 100 pounds of feedstuff 
on the wet basis in addition to tbe nutritive ratio of each ration (5), 
Tbe digestible fats, carbohydrates and proteins (are obtained by 
multiplying the total amount of each nutrient in 100 pounds of the 
feed by the apparent coefficient of digestibility for that nutrientj 
as given in table 7. 

The second term of the nutritive ratio is calculated by means of 
the following formula: 

The second term of the nutritive ratio = 

(Digestible fat X heat equivalent === 2.25)+ Digestible carbohydrates 
Digestible crude protein 

A feed or ration having much crude protein in proportion to the 
carbohydrate and fat combined is said to have a narrow nutritive 
ratio. If the opposite is true it is said to have a wide nutritive ratio. 

Table 9 gives the proximate and ash analyses of the grasses in- 
vestigated, these determinations being reported on the wet basis, while 
table 10 contains the same data after having been calculated on tUe 
dry basis. 

Table 11 is a summary of all the coefficients calculated from the 
data obtained in this investigation. 

The vitamin A activity determinations are recorded in table 12. 

Discussion 

The biological values of the grasses studied do not show great 
differences if we are to judge these from the results obtained and 
indicated in the tables. 

The proteins of all these grasses seem to be utilized by the lambs 
with the same efficiency. A significant low result was obtained in 
Trial No. 6 when elephant grass of the first cutting, fertilized with 
nitrogen and phosphorus, was fed. The biological value computed 
for this grass is 69. In the other three trials performed with this 
grass, much higher results were obtained, viz., 81, 80 and 80 ; never- 
theless, these four samples of elephant grass recorded the lowest 
biological values obtained in all of the grasses investigated. Two 
rations of the grass fed to the animals had been fertilized with ni- 
trogen and phosphorus. All of them were from the first cuttings. 
Gn the other hand, the malojillo or Para grass has given the highest 
biological value, viz., 88, 97, 89 and 91. The first value corresponds 
to a grass from a first cutting fertilized with nitrogen only; the other 
three were grasses from the second cuttings, one fertilized with ni- 
trogen only and the other two with nitrogen and phosphorus. 
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The other four grasses investigated gave values which fall within 
the range of those obtained for elephant and Para grasses. 

The data obtained in these experiments, seem to indicate that the 
biological value is not greatly influenced by the addition of phosphorus 
as fertilizer or by the cutting. We can conclude, on the basis of the 
results obtained, that the quality of the protein is inherent in the 
type of grass, since very similar results were obtained for the same 
grass in first or second cuttings, and when fertilized with nitrogen 
or nitrogen and phosphorns. 

The trials in which Guatemala grass was fed yielded the highest 
values obtained for the average coefficients of apparent digestibility 
for the clr}^ matter, the lowest values obtained corresponded to the 
Yaragua grass. In the case of the coefficients for crude protein, Para 
grass trials of first cutting grass recorded the liigliest value, while the 
three trials with Yaragua grass yielded the lowest results. The other 
three trials with Para grass of second cuttings were significantly low, 
rumiiiig second to the Yaragua grass trial results. The results ob- 
tained with second cutting Para grass seeih to indicate that the 
cuttings exert a significant influence upon the digestibility of the 
protein. It is interesting to note that all the samples of Yaragua 
grass tested were from second cuttings and that they contained the 
least digestible proteins of all the grasses studied. Whether this low 
index of digestibility is inherent to the grass or is due to the cutting 
cannot be stated with certainty, since only second cuttings of this 
grass wTxe tested. This grass also recorded very low eoeffieients of 
apparent digestibility for ash. These low values may be due either 
to the fact that the mineral constituents are not as readily absorbed 
as in the ease of the other grasses or to a lack of palatability of the 
Yaragua grass, wliieh is the least palatable of all the grasses investi- 
gated. Consequently, the animals eonsuined less of this grass during 
the ten-day experimental periods than the average weights eaten 
during similar trials with the other grasses. The total intake of 
mineral matter then -was not enough to supply the output. This 
second explanation seems to us to be the most plausible one. Pala- 
tability is unquestionably an important factor which also has to be 
considered, as it may greatly influence the nutritive indexes. It is 
quite apparent that the addition of phosphorus to the fertilizer does 
not seem to influence the apparent coefficients of digestibility to any 
great extent. 

The nutritive ratios show wide variations. Yaragua grass gives 
a very wide nutritive ratio, as is to be expected, for it has a low 
protein coefficient of apparent digestibility. As a matter of fact, 
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the nutritive ratio obtained in Trial No. 24 for this grass is extreinely 
wide due to the very low digestibility of the protein. The values 
for the other two trials with this grass, although wide, are within 
reasonable limits. The nutritive i^atio for corn fodder shows the 
narrowest value of all. The other grasses give values a little wider 
than those obtained for fresh green roughage in the United States. 

Second cutting grasses recorded nutritive ratios which were always 
wider than those of the first cutting grasses. This is most probably 
due to the fact that the second cutting grasses yield, on a -wet basis, 
louver percentages of protein than first cutting grasses. The fat and 
carbohydrate contents of second cutting grasses are higher than those 
for the first cutting grasses. ^ 

The chemical analyses of the grasses show- some interesting facts. 
The protein contents vary, when the analyses are calculated on the 
dry basis, from 9.50 per cent for corn fodder, first cutting fertilized 
with nitrogen and prosphorus, to 2.61 per cent for Yaragua grass, 
second cutting, fertilized with nitrogen only. All second cutting 
grasses show lower protein contents than first cutting grasses. The 
same is true of the fat The nitrogen-free extract, on the contrary, is 
always greater in second cutting than in first cutting grasses. Guinea 
grass shows a higher calcium content than the other grasses ; Guate- 
mala grass gives the lowest result. Yaragua grass shows the highest 
per cent of crude fiber. The phosphorus contents of these grasses 
seem to he quite constant. The addition of phosphorus to the ferti- 
lizer has not shown any appreciable effect on the phosphorus contents 
of the grasses. 

No conclusive results can be obtained from these series of experi- 
ments. We have considered only the two factors, fertilizer and 
cutting, in this discussion, but there is still a third which we have 
not touched on. This factor is the stage of maturity at which the 
grasses were cut and eaten by the experimental animals. As will be 
seen from the table of field conditions presented under the heading 
Materials and Methods’/ at the beginning of this paper, some of the 
grasses sent to us were cut before the flowering stage and others, 
during the flowering stage. The stage of maturity at which the 
grasses are cut affects their nutritive values; -therefore, this factor 
has to be studied separately, and will be, in further experiments. 

Summary 

1, Twenty metabolic experiments with grasses cut at different 
periods, between August 1936 and May 1937, are reported. 

2. The biological values were determined for these grasses; the 
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highest recorded values belonging to Para grass and the lowest values 
to elephant grass. 

3. The coefficients o£ apparent digestibility for Yaragua and ma- 
lojiilo grasses of second cutting are quite low. 

4. All the grasses tend to give wide nutritive ratios, but Yaragua 
and malojillo, second cutting grasses, give exceptionally wide ones. 

5. Yaragua grasses show a higher fiber content than any of the 
other grasses investigated. 

6. Guinea grass yields, on analysis, significantly high values for 
calcium j Guatemala grass yielding the lowest values for this element 
in all the grasses studied. 

7. First cuttings of grasses usually yield higher percentages of 
protein tiiair second cuttings. The same is true of the fat. The ni- 
trogen-free extract, on the contrary, is lower in first cutting than in 
second cutting grasses. 

8. The addition of phosphorus to the fertilizer does not seem to 
influence to any great extent -the nutritive indexes of the grasses 
studied. 

9. The vitamin A activity of the leaves of the grasses has been 
determined. 
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Table 1 

PER CENT NITROGEN IN FEED FED, REFUSE LEFT, FECES & URINE 
(Feed, refuse and feces analyses, pee cent on dry basis.) 


(Urine analyses, per cent by volume.) 


Trial 

No. 

Ration 

Nitrogen 

in 

Feed Fed 

% 

Nitrogen 
in Refuse 
Left 

% 

Animal 

Nitrogen 
in Feces 

% 

Nitrogen 
in Urine 

% 





lA.... 

0.69 

0.14 

1 

Low protein diet Formula I.. 

0.17 


2A... 

0.99 

0 




3A.... 

0.91 

020 





lA.... 

1.61 

0.24 

2 

Corn fodder (N and P) first. 

1.52 

1.30 

2A.... 

1.47 

0.30 





3A.... 

1,38 

0.28 





IB.... 

0.84 

0.60 

3 

Low protein diet Formula I.. 

0.23 


2B. . 


0 :^7 




3B.... 

3*!05 

o!i7 





lA.... 

1.06 

0.26 

4 

Elephant grass (N only) first . 

0.81 

0.34 

2A..., 

1.07 

0.34 





3A..., 

1.03 

0.23 

13 

Elephant grass (N only) first.. 

0.87 

0.40 

IB.... 

1.01 

0.18 





lA..., 

1.09 

0.28 

6 

Elephant grass (N and P) . . . 

0.72 

0.37 

2A.... 

1.17 

0.43 


first 



3A.... 

1.07 

0,32 





IB.... 

1.14 

0.13 

11 

Elephant grass (N and P) . . . 

1.20 

0.62 

2B . . . . 

1.19 

0.13 


first 



3B . . . . 

1.08 

0.15 





IB ... . 

0.95 

0.35 

5 

Guinea grass (N only) 

0.94 

0.62 

2B 

0^ 

0 47 


first 



3B.... 

0^93 

0.42 





lA.... 

0.97 

0.23 

12 

Guinea grass (N only) ....... 

0.87 

0.40 

2A. . . 

1 08 

0 27 


first 


j 

3A . . . . 

I’.OS 

020 




1 

1 

IB,,.. 

0.99 

0.35 

7 

Guinea grass (N and P) 

0.96 

0.73 

2B... 

0 99 

0 36 


first 



3B.... 

0‘.96 

o’ 46 





lA.... 

1.01 

0.18 

14 

Guinea grass (N and P) 

0.83 

0.46 

2A.... 

1.02 

0.34 


first 

1 


3A.... 

0.99 

0.25 





lA..., 

1.28 

0.21 

8 

i Malojillo grass (N only) 

1 1.06 

0.52 

2A. . 

1 37 

0 29 


first cutting 



3A.... 

1?21 

024 





lA.,.. 

1.02 

0.48 

27..',.... 

Malojillo grass (N only) 

0,60 

0.38 

2A. . 

0 89 

0 52 


second cutting 



3A. . . . 

0.81 

o!38 





lA.... 

1.00 

0.19 

20...... 

Malojillo grass (N and P)..,. 

0.62 

0.30 

2A..,. 

1.01 

0.40 


second cutting 



3A.... 

1.05 

0.37 

25.,,.'... 

M!alojillo grass (N and P) . . . . 

0.44 

0.34 

ID.... 

0.87 

0.27 


second cutting 



3D..., 

0.96 

0-51 





IB.... 

1.12 

0.22 


Guatemala grass (N only) .... 

0.80 

0.54 

2B.... 

1.18 

0.19 


first cutting 



SB.,.. 

1.15 

0.16 





IE.... 

1.00 

0.19 

23...... 

Guatemala grass (N only) .... 

0.69 

0.65 

2E.... 

1.05 

0.38 


second cutting 



3E.... 

1.15 

0.22 





lA.... 

1.34 

0.19 

10...... 

Guatemala grass (N and P).. 

0.83 

0.43 

2A,... 

1.15 

0.17 


first cutting 



3A.... 

1.24 

0.16 
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Table l—Contimied 

PER CENT NITROGEN IN FEED FED, REFUSE LEFT, FECES & URINE 
(Feed, refuse and feces analyses, per cent on dry basis.) 


(Urine analyses, per cent by volume.) 


Trial 

No. 

Ration 

Nitrogen 

in 

Feed Fed 

% 

Nitrogen 

in 

Refuse 

Left 

% 

Animal 

Nitrogen 
in Feces 

% 

Nitrogen 
in Urine 

22 

Guatemala grass (N and P).. 

0.74 

0.68 

ID.... 

1.14 

0.22 


second catting 



3D.... 

1.12 

0.21 





lA.... 

1.29 

0.33 

.24 ... 

Yarag'iia grass (N only) 

0.42 

0.37 

2A . . , . 

0.95 

0.23 


second cutting 



3A.... 

0.97 

0.29 





lA.... 

0.98 

0.12 

17 

Yaragua trass (N and P). . . . 

0.54 

0.32 

2A.... 

0.86 

0.21 


second cutting 



3A.... 

0.95 

0.21 





IE.... 

0.98 

0.22 

26 

Yaragua grass (N and P) 

0.49 

0.33 

2E . . . . 

1.10 

0.34 


second cutting 



3E . . . . 

1.16 

0.24 





lA.... 

0.62 

0.10 

ISA 

Low protein diet 

0.12 


2A . . . . 

0.90 

0.33 





3A.... 

0.94 

0.84 





lA.... 

0.92 

0.11 

30 

Low protein diet 

0.08 


2A . . . . 

0.82 

0.19 


Formula I 



3A . . . . 

0.80 

0.12 


Table 2 

MAINTENANCE REQUIREMENT OF LAMBS AVERAGING 17.84 KILOGRAMS IN 
WEIGHT, BODY NITROGEN IN FECES PER GRAM OF DRY MATTER INGESTEI> 
AND BODY NITROGEN IN URINE PER 100 GRAMS OF BODY WEIGHT, BASE D 
ON TEN-DAY TRIALS DURING WHICH NEARLY NITROGEN-FREE 


RATIONS WERE FED. 


Trial 

No. 

Animal 

No. 

Average 

Weight 

Kg. 

Dry 

Matter 

Ingested 

Gm. 

Nitrogen 
in Feed 
Consum- 
ed % 

Total 

Fecal 

Nitrogen 

Gm”. 

Total 

Urinary 

Nitrogen 

Gm. 

Total 
Urinary 
& Fecal 
Nitrogen 
% ' 

Fecal 
Nitrogen 
Per Gm. of 
Dry Matter 
Ingested 

Urinary 
Nitrogen 
Per 100 Om„ 
Body 
Weight 

1. .. .. 

1~A'. 

18.35 

4,245 

0. 17 

13. 80 

12.71 

26.51 

0.0033 

0.694 


2- A... 

22.30 

4, 225 

0. 17 

18. 15 

12.40 

30.55 

0. 0043 

0.656 


'S-A.,.., 

18.00 

3,660 

0. 17 

15,48 

8.92 

24.40 

0. 0042 

0.495 

15.;..'.^ 

1-A'.'.., 

17.25 

3, 640 

0. 12 

11. 30 

7.37 

18.67 

0. 0048 

427 



15.85 

2, 830 

0.12 

16. 71 

6.35 

23.06 

0.0059 

0. 400 


,'3-A... 

' 15.25 

1,686 

0.12 

6.70 

9.15 

15.85 

0.0040 

0. 600 

30.... 

„ l-A... 

20.48 

2,920 

0.08 

11, 98 

9.90 

21.88 

0.0041 

0. 483 


2-A. , 

22.70 

3,180 

0.08 

16,08 

3, 62 

19.70 

0. 0051 

0.159 


' 3-a;.. 

20.83 

2, 800 

0.08 

10. 15 

4.75 

14.90 

0. 0036 

0. m' ■ ■ 


1-B... 

11.77 

2,427 

0.23 

9.25 

9. 76 

19. 01 

0.0038 

0. 830 


2-B. .. 

16.65 

3, 089 

0- 23 

14. 22 

10.38 

24.60 

0.0046 

0. 626 


3-B... 

14.78 

3, 401 

0.23 

16. 65 

8.35 

24,00 

0. 0046 

0.666 
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Table 3 

VALUES' FOR BOBY NITROGEN IN FECES PER GRAM OF DRY AIATTER INGESTED 
AND BODY NITROGEN IN URINE PER KILOGRAM OF BODY WEIGHT AS OB- 
TAINED BY DIFFERENT INVESTIGATORS WHEN NEA|ILY 
NITROGEN-FREE RATIONS ARE FED TO LAMBS 


Remarks 

Lamb 

No. 

Body 

Nitrogen in 
Feces 

Per Gram of 
Dry Matter 
Ingested 

Average Body 
Nitrogen in 
Feces 

Per Gram of 
Dry Alatter 
Ingested 

Body 

Nitrogen In 
Urine 

Per Kilogram 
of Body 
Weight A 

Average Body 
Nitrogen in 
Urine 

Per Kilogram 
of Body 
Weight 


1 

0.0076 


0.428 


Sotola (2) performed two 
trials on eacli one of six 

2 

0-0068 


0.286 


3 

0.0059 


0.300 


Iambs. Values given are 
average of the two trials 
(Black face Iambs) 

4 

0.0064 


0.330 


5 

0.0070 


0.350 


i 6 

0.0058 

0.0066 

1 0.337 

0.331 

Turk Morrison & Maynard 
(6).. These inv^tigators 
used five animals and 

1 

0.0061 


0.556 


2 

0.0044 


0.480 


performed two trials on 
each animal.. Values given. 

3 

0.0062 


0.360 


4 

0.0065 


0.552 


are average of the two 
trials. (Young growing 
wether lambs) 

Miller^ Morrison and May- 
nard (7) report tho follow- 
ing values obtained in 14 
comparable exf>eriments 
at the Cornell Station 
(Pure-bred and iiigb-grade 
wether lanihs of excellent 
mutton type mied) 

5 

0.0046 

0.0055 

0.0056 

0.0055 

0.393 

0.370 

0.468 

0.370 


The results obtained at 
the School of Troj>ical 
Medieine. using: six animals 
are given. Three trials 
were run on three of these 

lA 

0.0041 


0.801 


animals and only one trial 
on the other three. The 

1 2A j 

0.0061 


0.335 


three trials in group A 
were run with a lapse of 

■ 3A 

0.0036 


0.441 


'■ ,a.hout ft:vft months between 
■ each' trial; the-, average ■ 
value obtained Ibr the three 

IB 

0.0038 


0.830 


trials is given. .For animals 
of group B>r tlw. values 
obtai ned from the coly trial 
run is given 

2B 

0.0046 


0.626 


3B 

0.0046 

0.0043 

0.565 

'■ '0.526';' 

(Wild Puerto Rican Iambs 
ranging from six to 
teen mant,bss of age) 
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s 

45 

75 

72 

40 O 

(M 'ti O 

O 1-1 t- 

CCi 00 

cs'o O 

t'- C'^ 

CO t- 40 
‘C CO 01 





^ oco 




cotjc ci 


17 

16 

14 

s' s s' 

05 O 


cd CO 40 



O M 
^ Cs 

40 oj o 

OOCM 

CO 00 40 

rococo 


00 

«o 40 o 

40 oo Tfl 

40 G5 O 
40 00 CCi 


O O 

CO CO t-- 

T'- CO o 
O l CM lO 


03 C-l 00 

O — 1 05 

cooao 



ci o’ 

CO 00 

CO, O W 

12 

13 

10 

1-2 o 130 

Total 
N in 
Urine 
Gnj. 

12.71 

12.40 

8.92 

22.10 

22.55 

22.41 

<ooo»o 

t-ccco 

oiooo 

400C3 

caoso* 
rtleooi 
c«c« c* 

t=5 

CO 

Cfl 

29,00 

29.10 

25.12 

21.80 

27.24 

27.60 

‘COO 
40 40 00 

O !>• ’cr* 
r-( Ol 04 

28.39 

21.50 

21.50 

23.80 
29.60 
23 . 75 


Ab- 

sorbed 

N 

Gm. 

88.71 

89.40 
74.62 

69.42 

66.20 

64.22 

76.00 

53.90 
50.18 
54.65 

S7.81 

78.80 

84.05 

67.29 

73.90 
69.96 

89.30 
81.20 

71.30 

72.21 

76.40 
63.10 

Food 

N in 
Feces 
Gin. 

9.59 

7.80 

6.98 

248 

1.40 

2.98 

6.90 
9.02 
6.95 

0.99 

10.30 

3.90 

3.81 
0.60 
1.74 

0.20 

8.80 

3.40 

2.79 

2.40 

Body 
N ill 
Feces 
Gm. 

13.80 
18.16 
15.48 

25.41 

25.00 
20.02 

9.25 

14.22 

15.65 

26.02 

23.10 

21.80 

30.30 

24.00 
22.18 

25.00 

27.61 

29.40 

28,60 

25.79 

28.30 
26.21 

34.60 

35.10 

33.60 

28.21 
! 29.00 

25.60 

Total 

Fecal 

N 

Gm. 

13.80 
18.15 
15.48 

35.00 

32.80 

27.00 

9.26 

14.22 
15.65 

27.20 

24.50 
24.78 

28.00 

30.90 

31.20 

31.95 

28.60 

39.70 

31.50 

20.60 

28.90 

27.95 

34.80 

43.90 
31.00 

31.00 

28.22 

28.00 

N 

Intake 

Gm. 

7.22 
7’l6 

6.23 

98.30 

97.20 
81.60 

5.61 

7.16 

7.85 

71.60 

67.60 

67.20 

76.00 

60.80 

69.20 

61.60 

88.80 

89.10 
87.95 

71.10 

74.50 

71.70 

89.50 

90.00 

74.70 

75.00 
76.40 

65.50 

Feed 

Intake 

Dry 

Gm. 

».'3‘0 0 »Ci'-tC» t-OS»-< OIN-CM O OOO (MO. SC OOO OOp OOO 

rt^Mco ^ r-t iin (Meoo ^*o«o «o ctJiorH rciOTTi cacn,-! uo m t'. lo co 

Cl Cl CO osooco oocoo 'O ,tOf-(ao tpooso o^cr-i o,— icc 

cfeoco uS'uStao tC cocc'co ‘ocd'o ■xc/ot-C coco»o‘ 

Feed 

Intake 

Wet 

Gm. 

OOO r-lCSQO OIMC* rjl r-(r-(C<3 Ol^-X Ki to X COOQO OCO*eJ< 

55 so 05 oo <05 o CO »o oo CO! US ko c« oo o os cc o r- cc -xi o o co r- oo os ‘o 

Cl Cl CO eo CO »0 W CO (M »0 CO <M I'* CC cO CO i-m oo CD r- r-l OS c» o o ci >o 

-rf^'r^co' comTco cTcoco cmTocS' oq o ost-m' r^'o m Cs'r^p- 

<M <M M CM CM r-« CM CM rH Cl CO CO CC Cl Cl CM Cl Cl C« CM f-l 

Body AVeight 

i fei 

18.35 

22.30 

18.00 

19.50 

22.50 

17.48 

11.77 

16.55 

14.78 

21.48 

23.80 
18.70 

18.80 

21.99 

23.47 

19.78 

14.80 

20.56 
16.33 

13.20 

19.15 

15.99 

24.00 

25.25 

20.45 

13.81 

19.48 
16.13 

Final 

Kg. 

OOO OOO CO O O CO p O O ca O O O O 'C O p CO P o _ S 2 

pi o , Cl -etc -M* Tt* CM CO C* «0 *0 <» I-'. CO CO I- >Q OS Cl CO (Cl ‘O Cl O O 

»-iedoo »-«ai'^ Cli'5i<a& ci cicoO JJoo co 0‘0 'tMOio 

InCIrH OIC«5~^ C«C«ir-l CMCMr-l .-ilMrH rHClr-, CM Cl Cl r^ClrM 

Initial 

Kg. 

19.10 
23.20 
18.50 

17.80 
21.60 
16.55 

12.08 

16.90 
15,05 

20.85 

23.40 

17.90 

14,00 

21.58 

23,23 

20.25 

14.30 

20.40 

16.10 

12.49 

18.10 

16.55 

23.80 

23.40 

19.40 

13.40 
18.95 
16,35 

Animal 

No. 

mmfa <<< fq <<< pQ^jw <<< fflpfiffl 

AAco rlcJico AcAcq AcAeli A AAA AAA AAco .-(Aco thAco 

Trial Number 
and Ration 

Trial 1 

Low Protein 

Diet 

Trial 2 

Corn Fodder 
(N and F) 

Trial 3... 

Low Protein 

Diet.. 

Trial 4 

Elephant Grasg 
(N only) 

Trial 13 

Elephant grass 
(N only) 

Trial 0 

Elephant grass 
(N and P) 

Trial 11 

Elepbaot grass 
(N and P) 

Trial 5 

Guinea grass 
(N only) 

Trial 12 

Guinea graSvS 
(N only) 

Trial 7 

Guinea grass 
(N and P) 





Table 5 

PROXIMATE ANALYSES, EEPOHTED ON DRY BASIS, OF THE FED AND REFUSED PORTIONS OF THE RATIONS USED IN THE 

different METABOLISM EXPERIMENTS 
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Malcjillo grass (fert N and P) second cutting | A 88 1.88 
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Table 6 


PROXIMATE ANALYSES OF THE FECES, REPORTED ON DRY BASIS, AVERAGE 
COMPOSITE SAMPLE OF TEN-DAY METABOLISM EXPERIAIENTS 


Trial 

No. 

Animal 

No. 

Ration 

Crude 
Protein 
CN X 6.25) 

‘'i 

Fat 

Crude 

Fiber 

% 

Nitrogen- 

free 

Extract 

'i 

Ash 

% 

1 

1-A 

Low protein diet form I 

4.30 






2-A . 

Low protein diet form I 

6.18 






3- A 


5.68 





2 

1-A. . . 

Corn fodder (fert. N and P) 








firts cutting 

9.44 

2.53 

23.55 

52.78 

11.70 


2-A . . . 

Corn fodder (fert. N and P) 








first cutting 

9.19 

2.31 

24.34 

53,35 

10.81 


3-A . . . 

Corn fodder (fert. N and P) 








first cutting. 

8.60 

2.69 

24.45 

51.68 

12.58 

s 

1-B . 

Low protein diet form I 

5.25 






2-B 

Low protein diet form I 

5.75 






3-B 

“^ow protein diet form I 

6.55 





4 

1-A 

Elephant grass (fert. N only) 








first cutting 

6.67 

3.06 

24.80 

50,02 

15.45 


2-A. . . 

Elephant grass (fert. N only) 








first cutting 

6.67 

3.04 

27.55 

46.93 

15.81 


3-A. .. 

Elephant grass (fert. N only) 








first cutting 

6.44 

3.06 

30.00 

46,30 

14.20 

13 

1-B . . . 

Elephant grass (fert. N only) 








first cutting 

6.30 

2.79 

29.90 

45.1 1 

15,90 

6 ....... 

1-A. .. 

Elephant grass (fert. N and P) 








first cutting 

6.81 

3.23 

31.37 

42.86 

15.73 


2-A. .. 

Elephant grass (fert. N and P) 








first cutting 

7.30 

3.37 

26.35 

47.4;0 

15.58 


3-A. .. 

Elephant grass (fert. N and P) 








first cutting 

6.68 

3.18 

29.90 

46.17 

14,07 

11 

1-B. .. 

Elephant grass (first N and P ) 








first cutting 

7.14 

2.62 

29.10 

45.34 

15,80 


2-B . . . 

Elephant grass (fert. N and P) 1 








first cutting 

7.45 

3.04 

30.50 

43.20 

15.81 


3-B . . . 

Elephant grass (fert. N and P) 








first cutting 1 

6.75 

2.76 

31.51 

43.28 i 

15.70 

S 

1-B . , . 

Guinea grass (fert. N only) 








first cutting' 

5,94 

2.48 

32.14 

43.03 

,15.81 


2~B . . . 

Guinea grass (fert. N only) 








first cutting .i 

• 5.75 

2.39 ! 

32,28 

43.78 

15.80 


3-B... 

Guinea grass (fert. N only) 


j 






first cutting j 

5.81 

2.26 

32,97 

42.31 

16.65 

12......' 

1-A... 

Guinea grass (fert. N only) 




! 




first cutting 

6.06 

3.04 

31 .05 

1 40,15 

19,70 


2-A. .. 

Guinea grass (fert. N only) 








first cutting.... 

6.75 

2.89 

29.04 

39.92 

21.40 

i ■ i 

3-A... 

Guinea grass (fert. N only) 






1 


first cutting... 

6.75 

2.74 

26.09 

43.42 

21.00 

j 

l-B . . , 

Guinea grass (fert. N and P) 








first cutting 

1 6.19 

2.94 

32.86 

42.10 

15.91 

; j 

2-B . . . 

Guinea grass (fert. N and P) 






li; 


' first cutting 

6,19 

2.81 

33.15 

41,40 

10.45 

m 

1 3-B . , , 

Guinea grass (fert. N and P) 






1 


first cutting........ 

6.00 

2.93 

30.40 

4:3.47 

17.20 

14 

l-A... 

Guinea grass (fert. N and P) 








first cutting. 

6.30 

2.56 

28.47 

41 . 29 

21.38 


2— A , . , 

Guinea grass (fert. N and P) 








first cutting 

6.37 

2.34 

28.55 

40.33 

■ 22,41 


3-A.'.. 

Guinea grass (fert. N and P) 








first cutting. .... 

6.19 

2.36 

27.20 

42.45 

Yl,:80; 

1 ....... 

T-A. . . 

Malojillo grass (fert. N only) 








first cutting.. 

8.00 

3.67 

28.35 

■ 44.48 

45.60 


; 2"A. . .. 

Malojillo grass (fert. N only) i 








first cutting 

8.55 

3,65 

22.50 

47.90 

" 4. ,17.50 


3-A.., 

Malojillo grass (fert. N only) 








first cutting 

7.66 

3 . 10 

26.70 

, 48.24 

14.40 
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Table &— Continued 


PROXIAIATE ANALYSES OP THE FECES, REPORTED ON DRY BASIS, AVERAGE 
COMPOSITE SAMPLE OP TEN-DAY METABOLISAl EXPERIMENTS 


Trial 

No. 

Animal 

No. 

Ration i 

Crude 
Protein 
(N X 6.25) 
% 

Fat 

% 

Crude 

Fiber 

% 

Nitrogen- 

free 

E.xtract 

% 

Ash 

27 

1-A . . . 

Malojillo grass (fert. N only) 








second cutting 

6.38 

1.69 

33.50 

48.13 

10.30 


2-A. .. 

Malojillo grass (fert. N only) 








second cutting 

5.56 

1.89 

31.85 

50.08 

10.62 


3-A . . . 

Malojillo grass (fert. N only) 








second cutting 

5.06 

1.72 

33.85 

48.47 

10.90 

IQ 

1-A. .. 

Malojillo grass (fert. N and P) 








second cutting 

6.25 

1.92 

30. 66 

46. 57 

14.60 


2-A. .. 

M alojillo grass (fert. N and P) 








second cutting 

6.31 

1.22 

32. 70 

46. 27 

13.50 


3-A... 

Af alojillo grass (fert. N and P) 








second cutting 

6.56 

1.36 

30. 10 

47. 13 

14.85 

M ^ 

1-D. . . 

Alalciillo grass (fert. N and P) i 








second cutting i 

5.45 

1.90 

35. 35 

43.80 

13.50 


3-D. . . 

Alalojillo grass (fert, N and P) 








second cutting.. 

5.94 

1.82 

35. 30 

44.04 

12.90 

1 

1-B, 

Guatemala grass (fert. N only) 








frst cutting 

7. CO 

2.46 

31.35 

47. 24 

11.95 


2-B... 

Guaten ala grass (fert. N only) 








frst cutting 

7.37 

2.28 

32. 08 

45. 58 

12. 70 


3-B... 

Guatemala grass (fert. N only) 








frst cutting 

7.19 

2.31 

30. 23 

47. 87 

12. 40 

M 

1-E... 

GnatfiTala grass (fert. K only) 








second cutting 

6.25 

2.07 

30. 12 

47. 96 

13.60 


2-E. ,. 

: Guatemala grass (fert. N only) 








setend cutting 

6. 56 

2.24 

31. 21 

45. 69 

14.30 


3-E. .. 

! Guat€m:ala grass (fert. N only) 








i second cutting 

7.20 

2.30 

30. 05 

45 . 20 

15. 25 

[0 

1-A. .. 

Guatemala grass (fcit. N and P) 








frst cutting 

S.38 

2.49 

32. 30 

43.53 

13. BO 


2-A... 

Guatem ala grass (fert. N and P) 








frst cutting 

7.19 

2.34 

30. 95 

46. 92 

13.60 


3-A... 

Guatcm;ala grass (fert. N and P) 








> frst cutting 

7.75 

2.35 

31.81 

45. 09 

13.00 

i2 

1-D. . . 

Guaten ala grass (fert. N and P) 








second cutting 

7. 13 

2. 19 

30. 45 

46. 63 

14. 60 


3-D. . , 

Gi: at cm ala gras^feit. N and P) 








secci d cutting 

7. CO 

2.32 

29. 35 

46. 13 

15. 20 


1-A. .. 

Yaragua grass (feit. N only) 








setcid ci.lth g 

8.C5 

2.99 

28. 73 

44. 58 

15.66 


;'2-A... 

Ysiagi a grass (fert. N cnly) 








secend cutting. 

5.94 

2.88 

30. 60 

46. 18 

, 14. 40 


3-A. .. 

yaifgi a grass (kit. N cnly) 








secend cutting 

6.C5 

3. 22 

30. 90 

45. 33 

14.50 

17. .... , . 

lA..., 

Yaragua grass (fert. N ai:d P), 








second cuttiig 

6.13 

2. 56 

29,20 

45.81 

'.■16.30 


2-A.:'.. 

Yaragua grass (fert. Nand P) 








socend CUT ting 

6.37 

2,19 

31.45 

46.29 

, 14. 70 


'.B-A, 

yaragua grass (fert. N and P) 








secend cutting.. 

5.94 

2 . 98 

29. C9 

45.89 

16. lU 


,1-E . . . 

Yaragia grass (fert. N and P) 








secend cutting.. 

6.13 

3.93 

30. 50 

44.64 

14.80 


2-E. .. 

yaiagua grass (fert. N and P) 








secend cutting.. 

6,87 

3.92 

31.00 

' 44.81 

' .''13.''40 


3-E. .. 

yaragua grass (feit. N and P) 








secend cutting.. ..... , . . 

7.25 

4. 10 

29. 25 

45. 19 

14.21 

;&-A,. .. 

'l-A 

Lew protein diet form I . 

3.88 






2-A . 

Lowvirotein diet ferm I 

5.62 






3-A . . .. 

Lew protein diet form I.... ... . 

5.87 





ilV 

1-A . i".' 

Lew protein diet form II.... ... 

S. 75 

1 . . 





2-A . 

Lew protein diet form 11....... 

5.11 

i 





3-A. .. 

Lew protein cliet form II. ..... . 

4.97 

1 . ... . .. 
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56 

s 

s 


49 

r'* »~( XQ 
® XO »0 

CO 

iQ 

00<MO 
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sss 

SS 

Animal 

No. 

fH S'! A 



1-A 

2~ A 

3- A 


i 




1- B 

2- B 

3- B.. 


1- B . 

2- B....... 

3- B..... .. 


A 

AAA 

; 

Ration 

Cora fodder (N and P) first cutting in flower. ..... — 

A Afil?. . . 1 


Elephant grass (N only) first cutting before flowering.. 

Average 

Elephant grass (N only) first cutting before flowering. 

Average 

Elephant grass <N and P) first cutting before flowering 

Average 

Elephant grasss (N and P) first cutting before flow^ing 

Average 

Guinea grass (N only) first cutting in flower 

Average 

i 

Guinea grass (N only) first cutting in flower i 

Average. 

Trial 

No. 

ci 

: 

J: 



• ' , ' 

■S'' 



Guinea grass (N and P) first cutting in flower. . . . — 1-A 
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Guatemala pass (N only) second cutting before flowering 1-E 
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L o < cio 


Ration 

Guatemala grass (N & P) first cutting before flowering. 

Average 

Guatemala grass (N & P) second cutting before flowering. 

Average. 

Yaragua grass (N only) second cutting before flowering. . 

Average 

Yaragua grass (N & P) second cutting before flowering. . . 

Average 

Yaragua grass (N & P) second cutting before flowering.. . 

■ ■ \ ■ 

Average. .. 

Trial 

No. 

cs" . ' , 

ci 

. C*'* 


. t"'', ' ■ ' ' 
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Table 8 


BIGBSTIBLE NUTRIENTS IlST 100 LBS. OF PUERTO RIGAN FEEDING STUFFS AS C UT 





Digestible Nutrients 



Feeding stuff 

Total 

dry 

matter 

Crude 

Protein 

Fat 

Carbo- 

hydrates 

Total 
(inc. fat 
K 2.25) 

Nutritive 

ratio 

1 Corn fodder (fert. N and P) first 
cutting 

23. 79 

1.51 

0. 84 

11.71 

13. 60 

1:9.0 

4 Elephant grass (fert. N only) 

first cutting 

27. 68 

0.90 

0.73 

13. 06 

It 75 

1:16.4 

18 Elephant grass (fert. N only) 

first cutting 

24. 60 

0.85 

0.39 

12.64 

13. .52 

1:16.0 

Elephant grass (fert. N and P) 
first cutting 

30. OS 

0.63 

0. 52 

13. 05 

J 4. 22 

1:22.5 

11 Elephant grass (fert. N and P) 

19. 23 

0.90 

0. 39 

8. 70 

9. 58 

1:10.6 

a Guinea grass (fert. N only) first 
cutting 

29. 44 

1.05 

0.54 

12. 20 

13.42 

1:12.8 

12 Guinea grass (fert. N only) first 
cutting 

29.84 

0.91 

0.29 

14. 00 

14. 66 

1:16. 1 

7 Guinea grass (fert. N and P) 

first cutting 

29.64 

1.08 

0.40 

13. 81 

11,71 

1:13.6 

14 Guinea grass (fert. N and P) 

first cutting 

30.00 

0. 84 

0. 48 

14.05 

15. 13 

1:18.0 

8 Malojillo grass (fert. N only) 

first cutting 

I 26, 18 

1. 15 

0. 40 

13. 70 

14. 60 

1:12.7 

2T Malojillo grass (fert. N only) 

second cutting 

! 

; 37. 90 

j 

0. 50 

1 

0. 46 

22. 33 

23. 37 

1:46.7 

20 Malojillo grass (fert. N and P) 

. second cutting 

29.10 

0.44 

0.39 

12. 27 

13. 15 

1:30. 0 

2S Malojillo grass (fert. N and P) 

second cutting 

34. 00 

0. 21 

0. 32 

17. 57 

' IS. 29 

■ 1 :S7. 0 

% Guatemala grass (fert. N only) 
first cutting 

27.00 

0.81 

0.64 

15. 20 

16.64 

1:20.6 

3S Guatemala grass (fert. N only) 
second cutting 

30. 50 

0. 70 

0.57 

16. 40 

17.68 

i 1:25.' 2 

10 Guatemala grass (fert, N and P) 
first cutting 

24. 60 

0.72 

0 53 

13. 42 

14.62 

, 1:20.4 

22 Guatemala grass (fert. N and P) 
second cutting 

30.40 

0.81 

0.62 

17. 30 

18. 70 

1:23.1 

24 Yaragua grass (fert. N only) 

second cutting 

36.30 

0. 05 

0.29 

17.08 

T7. 74 

1:35. 4 

17 Yaragua grass (fert. :N and P) 

second cutting 

34.00 

0. 28 

. 

0.44 

14. 13 

15.12 

1:54.0- 

2® Yaragua grass (fert. N and P) 

second cutting.. 

34. 80 

0.23 

0. 40 

14.30 

. ■15.'2f>' 

; 1:66.2 


Note; *‘N and P’l stands for nitrogen and pbosphorus in tbe fertilizer. 
“N” stands for nitrogen only in the fertilizer. 
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N anfl P stand for nitrogen and plaosphonis in the fertilizer. 
N stand for nitrogen only in the fertilizer. 



ipiits of apparrat digestihilily 


120 THE JOURNAL OF AGRICULTURE OF THE UNFV'ERSITY OP P. K. 







A COMPAEISOM OF METHODS OP DETERMINING CARBON 

IN SOILS 

Carlos I]steva 
Introduction 

For the determination of organic carbon in soils varions methods 
have been proposed and they may be classified as followows : 

1. Dry combustion: 

(a) Furnace combution. ^ 

(5) Bomb combution or Parr’s method. An oxidation 
with sodium peroxide in wdiich sodium carbonate 
is formed. 

2. Wet combustion: In which the material to be analyzed u 

treated with a mixture of chromic and sulfuric acids. 

Yarious modifications of this method have been proposed. 

It has been shown experimentally that the dry combustion meth- 
ods give higher results than the wet combution, but the former have 
certain disadvantages which may be summarized in the following 
way. The dry combustion methods require a rather complicated and 
expensive equipment and it is somewhat more difficult to manipulate. 
In some cases (especially in the furnace dry combustion) the deter- 
mination is very long and tedious. The 'wet oxidation methods are 
adaptable for the estimation of carbon, both in solutions and in dry 
substances, while the dry combustion methods are only adaptable for 
the estimation of carbon in dry substances. 

Naturally, the aim of many investigators had been to obtain a 
wet ovidation method, capable of determining the total carbon in 
amounts that would compare wdth the dry combustion methods. 

White and Holben (14) claim that they have found the ideal 
method; a wet oxidation process which is capable of determining 
amounts of carbon identical with those obtained by the dry combus- 
tion methods. 

This work was undertaken with the purpose of eomparing the 
relative effieieney of the chromic acid method as given by White and 
Holben (14) and the official method as given by the Official and 
TentatiTe Methods of Analysis of the Association of Agricultural 
Chemists (7), with the Parr’s dry combustion process. 

^The wriier wishes to express Mg obligation to Dr. J. A. Bizzell under whose direction 
and help this work was tindertaken. 
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Review op Literature 

111 184-8 Rog*ers and Rogers (9) devised a wet oxidation metliod 
for tlie determination of earbon in native and artificial graphites. 
The oxidizing agent employed in this process was a mixture of 
bichromate of potassium and sulfuric acid, wdiich the authors claimed, 
that wdieii applied to gnaphite, under the conditions given, converted 
the carhon rapidiv and completely into carbon dioxide. The process 
was graviiiietrie. 

Ill 1880 Warington and Peake (12) furnished data ivhieh led to 
the eoneliision that oxidation of carhon in soils by means of a mixture 
of chromic and sulfuric acids gave results lower than those obtained 
by the furnace eonihustion in a current of oxygen. The mode of 
procedure was cpiite similar to that recommended by E. Wollf in 
liis ‘ ^ Aiileitiing ziir Cliemiselien Untersiichuiig Landwirthsehaftlich 
Wichtiger Stoffe”. The materials were kept below tlieir boiling 
point by heating in a water bath. They stated, however, that the 
complete destruction of the humic material in the soil does not neces- 
sarily imply tliat tlie carbon has been entirely converted to carbon 
dioxide. They used a gravimetric method. The oxidation with the 
permanganate method, as used by tlie authors indicated higher result 
than with chromic acid; but even the permanganate method failed 
to convert the whole of the earbon to earbon dioxide, the product 
with the permanganate being, on an average of 4 soils, 92.4 per cent 
of that yielded by the combustion in oxygen. 

In 1904 Cameron and Breazeale (4) confirmed the ideas of War- 
ington and Peake (12) by stating that the oxidation of carbon in soils 
by the mixture of ehromie and sulfuric acidvS gave results lower than 
those obtained by the furnace combustion. But they concluded that 
the combustion of a soil by the wet method with chromic acid mixture, 
as described in their paper, would give a more accurate idea of the 
organic matter in the soil, than the furnace combustion inethod. Be- 
side the method was more rapid. 

n this same year Parr (8) xniblished his new method of determin- 
ing earbon. The combustion of the organic material is affected by 
means of sodium peroxide, the charge being contained in a closed 
bomb or cartridge surronnded by water. He claims that the method 
is mueii more acciii"ate than the various forms of alkalimeters, which 
were tried for comparison, and that its ease of manipulation renders 
it preferable to the absorption method, especially for teclmieal woi’k. 

Hall and Miller (6) in 1906 reexamined the ehromie acid method 
and concluded that the erimr was due to incomplete oxidation, other 
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substances than carbon dioxide being produced. They found that 
by passing the products of combustion over heated copper oxide all 
the earboii would be obtained as carbon dioxide. 

Ames and Geither (1) in 1914 concluded that if boiled for 30 
niiniites a mixture of 3.3 grams chromic acid in 10 ee. water to 50 cc. 
of sulfuric acid (sp. gr. 1.84) will oxidize all the organic carbon and 
liberate carbon dioxide chemically or mechanically held in soils, pro- 
vided the soil is ground to pass thru a 60 mesh sieve. One to three 
grains of soil were used for each 60 ce. of mixture. They made no 
attempt to prevent the acid fumes passing into the carbon dioxide 
ahsorptioii tower. They used a w^et combustion voliimetrie iiietliod. 

Schollenherger (10) in 1916 suggested certain impRivements in 
the method described by Ames and Gaither (1) . The changes referred 
to, consist of the use of a mixture of phosphoric and sulfuric acids, 
instead of sulf uric acid alone, with chromie anhydride as the oxidizing 
agent. Also the substitution of barium hydroxide for sodium hy- 
droxide as the alkaline absorbent for carbon dioxide. He also sug- 
gested the replacement of the modified Camp absorption by the Meyer 
absorption apparatus or Truog’s bead tower, together with changes 
in procedure made necessary by the changes in the reagents employed. 
The partial substitution of |)hosp boric for sulfuric acid reduces to a 
negligible quantity the fuming noticed when sulfuric acid is used 
alone. Phosphoric acid alone gave invariably lower results. 

Gortner ( 5 ) in 1916 kept the digestion mixture below the boiling 
point for 2.5 hours and passed the products of combustion thru a 
lieated eonibustioii tube. 

Finally in 1925 'White and Holben ( 14 ) i>ublisiied their new 
method entitled, H-^exTection of Ciiromie Acid Method for Determin- 
ing Organic Carbon '1 The authors claim that their method has 
the following advantages. ( 1 ) The sulfur-trioxide absorption tube, 
used for the first time in this study greatly simplifies the usual 
analytleal procedure. ( 2 ) Eliminates the use of a combustion tube. 
(3) The proposed method has the advantage over the dry combus- 
tion method in that it eliminates the possibility of leaving behind 
the residue of undeeomposed carbonates. (4) It may be used for 
the estimation of carbon both in solution and in dry substances. 
(5) The use of the proposed sulfur trioxide absorption tube elimi- 
nates the necessity of secondary combustion, (7) The results com- 
pare -with tlxe furnace comustion with CuO and with tli bomb com- 
bustion. , 
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Experimental 

Tile plan of tlie investigation included the analysis of 25 soil 
samples, of liigli and low carbon content, representative of the type 
found in. the State of New York, The analysis included deter- 
iniiiatious of organic carbon by the Official Wet Oxidation Method 
and tlie ehromie acid method of White and Holben (14) .• The re- 
sults were eompared with those obtained by Waterman (13) follow- 
ing tlie Parr combustion procedure. 

Soils Used : The samples were taken by the Department of Agron- 
omy (Cornel University) some years ago, and accurate records were 
taken of the location so that at any future time duplicate samples 
might be taken at exactly the same place. 

Preparation of Sample : In general, soil samples were taken at 
a deptli of eight inches by the method described in the Official and 
Tentative Methods of Analysis of the Association of Official Agri- 
cultural Chemists (7.) .When received in the laboratory the samples 
were spread out and allowed to air-dry. The original air-dry sam- 
ples were Ihorougiily mixed and a subsample taken for analysis. The 
subsamples were riil)bed in a porcelain mortar, using a rubber tippled 
pestle, and tlien passed thru a sieve having cireuiar perforation 1 mm. 
in d.aiueter. Tlie material not passing the sieve was discarded. The 
sifted subsamples were then ground in an agate mortar until they 
passed entirely thru a sieve having 100 meshes to the linear inch. 

Organic Carliori: Was determined by analyzing for total carbon 
and then siibstracting the inorganic carbon olitained. 

Description op i\lETHODs 
I. The Official Wet Oxidation ]\rethocl 

Detailed Procedure: With slight changes the procedure listed 
in page 25 of the Official Methods (7) was followed. 

Having the apparatus set as in Figures 1 and the solutions pre- 
pared as given in the Official Methods (7) tlie order of procedure 
was as ■ follows : ■ 

Two grams of the 100 mesh soil were placed in the evolution dash 
(Fig. 1), The apparatus was freed of atmospheric carbon dioxide 
by suction and then 30 ce. of 0.5 N NaOH were introduced into the 
absorption tower. Gentle suction was applied and 10 cc. of the 
oxidizing solution were run into the evolution flask. Twenty-five ce. 
of the acid mixture were then added, the contents gently agitated 
and a low fiame placed under the flask. The heating was contmued 
for 30 minutes after the mixture began to boil. 
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The suction was released at the end of the agitation and aspira- 
tion and the absorbent was washed into a 500 cc. voliinietrie flask. 
By the addition of 10 ce. of a neutral aqueous solution of barium 
chloride (250 grams of BaCl 2 • 2 H 2 O per liter) the sodium carbonate 
ill the volumetric flask was preci]iitated. Then it was diluted to 
volume and the precipitate of barium carbonate was allowed to settle. 
A 200 ee. aliquot was pipeted and the residual hydroxide was titrated 
against 0.5 N hydroehloric acid, using phenolphthalein indicator. 

The difference between the residual hydroxide in terms of 0.5 xN 
alkali and tlie 0.5 N sodium hydroxide originally used is equivalent 
to the carhon dioxide formed oxidation of the organic carbon 
plus the inoTgaiiic carbon dioxide present in the sample. 

For the determination of inorganic carbon the procedure as de- 
scribed above was followed using the fololwing modifications: (1) 
10 grams of soil were used, (2) oxidizing solution was omitted, (3) 
60 ce. HCl (1 : 9) were substituted for the acid solution. (4) The 
flask was agitated but not heated. 

When the apparatus is set as described iireviously, that is : using 
2 grams of soil and 30 ce. of 0.5 N sodium hydroxide in the absorp- 
tion tower, it cannot determine soils which are higher than 4.498 
per cent of total carbon. Soil which are higher in total carbon than 
the above mentioned figure need that only one gram sample should 
be used or else use 45 cc. of 0.5 N sodium hydroxide in the absorption 
tower. 

Suction troubles and leakages in the rubber tubing were the princi- 
pal troubles which I eiieountered in dealing with this apparatus. The 
suction must be slow and uniform otherwise the gas liberated in the 
reaction would pass thru the absorption tower with imperfect absorp- 
tion of the gas. This may be iiieidental to loss of carbon dioxide and 
the spoiling of the determination. The suction slioiild be arranged 
so that bubbling thru tlie absorption tower should be as constant as 
possible. About 30 to 50 bubbles per minute are sufficient. 

When emptying the contents of the absorption tower into the 
500 ec, volumetric the tower was Washed 3 or 4 times with pure 
distilled water. After completing to volume the tower was drained 
thoroughly. 

A. strong flame while boiling was very undesirable as it forced 
the acid fumes in the evolution flask to pass uneondensed to the 
.absorption' ' towerh ■ 

The painting of rubber eonneetions with -white shellac (Devoe and 
Reynolds Co., Inc., N. Y.) wrns found to be very desirable. 
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Thick rubber eomiections were more efficient because they lasted 
longer ill good working order than the thin-walled rubber connections. 

xinother precaution that w^as followed was to avoid the use of 
grease in the glass connections of the Knorr carbon dioxide apparatus. 

Notwillistanding the many precautions taken to obtain the 0.5 N 
sodium hydroxide absolutely free of CO 2 , it was found to be ab- 
solutely impossible. The presence of carbon dioxide wns noticed 
when barium chloride was added to the alkali, in which case a very 
faint white precipitate wns noticed. In order to see the effect of 
the CO 2 on the titration of the absorbent solution the followung test 
was performed. 

The 30 ee. of 0.5 N NaOH, quantity which was used fbr absorbing 
the CO 2 in the Official Method apparatus, were placed in the absorp- 
tion tower. Then drained, completed to volume in the volumetric 
flask and flnally aliquots were, taken and titrated against 0.5 N HCl. 

Results obtained : 

Aliquot Titration with 0.5 K, MCI 

No. 1—200 ec. 12. cc. 

100 ee. 5. 95 cc. 

No. 2 — 200 ee. 12. 05 cc. 

We might conclude then that the eifect of the carbon dioxide dis- 
solved in the alkali was negligible as far as the accuracy of the 
method is concerned. 

II. Method of White and Holben (14). 

The procedure as described by White and Holben (14) was fol- 
lowed as carefully as possible. The apparatus is shown in Fig. 2. 

Two grams of soil were placed in the generating flask, M. Tubes 
F and I were connected by means of a glass tube and air was pulled 
through for several minutes Valve C was closed and the aspirating 
continued for a short time to test the apparatus and at the same time 
to create a partial vacuum at M. F and I were closed and the 
weighed tubes G and H were attached. K is detached from L and 4 
grams chronic acid (CrO^) dissolved in 10 ec. water were placeci iu 
the bulb L. K was eoneeted to L and the solution run into flask M. 
.Fifty CC. IT 2 SO 4 (sp. gr. 1.83 — 1.84) w'ere then run into M in a 
similar manner leaving open valve C. Air was then pulled again 
thru the apparatus and the solution brought to boil. The solution 
was then boiled for 30 minutes during which time air was pulled 
through at the usual rate. Then tu^ G and H. were removed, 
wiped, and weight after an interval of 15 minutes. 
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Weighing of the soda-lime and acid-drying tubes reciuired eertaiii 
precautions. It was necessary to wipe the tubes and weigh them 
after 15 niiniites in order to get equilibrium of the electrical effect 
created by the wiping. Tubes G and H were weighed against a com- 
mon counterpoise tube of the same size made up to weight with 3 
grams of the soda lime and acid-pumice tubes. Just before weighing 
each tube the valves were opened for an instant to equalize the 
inside and outside atmospheric pressures. Certain modifications of 
this method were tried. One of them wms the substitution of asearite 
absorbent for the soda-lime carbon dioxide eolelcting tube. The other 
iras the substitution of the Allihn gas- washing bottle containing 1:1 
potassium hydroxide for asearite in an asearite bottfe. 

The results may be summarized as follows : 

No. 1— Using asearite as gas absorbent -f asearite air purifier. 

Soil No. % Organic Carhon 

llA *1. 4075 

llA 1. 3775 

No. 2 — Using soda-lime as absorbent -f- KOH air purifier. 

Soil No. % Organic Carton 

llA • 1.3498 

No. 3 — With asearite as CO 2 absorbent + KOH air purifier. 

Soil No. % Organic Carhon 

3A 2. 9150 

No. ‘4 — ^With apparatus as designed by the authors. 

Soil No. % Organic Carhon 

3A 2.9161 

From these figures we might conclude that asearite is as good an 
absorbent as soda-lime and that it can be freely substituted for the 
soda-lime in this determination. Also a nascarite bottle is ef- 
ficient a purifier of the air as is the Allihn gas-washing bottle con- 
taining 1:1 potassium hydroxide. 

After the preliminary tests the experiments wmre carried out in 
exactly the same way as described by the authors. A slight varia- 
tion was made in the suctioning process in w^hich suction from a 
faucet was used instead of the aspirator used by the authors. But it 
is supposed that this change did not affect the results of the experi- 
ments., ; 

This gravimetrie method as given by White and Holben (14) has 
certain sources of error which can only be overcome by a very care- 
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fill teehinqiie. In fact any gravimetric process for tiie deteriiiiiia- 
tion of carbon lias decided disadvantages attending to the use of 
the ahsorption tubes. Some of the sources of error which may alter 
the results of this gravimetric process and which may be incident to> 
loss of time are : 

(1) It requires very elaborate precautions to prevent changes of 
weight of the tube due to gain or loss of moisture, necessitating com- 
plications in the purifying train and the use throughout the ap- 
paraliis of drying agent of the same liygroseo|)ic power. 

(2) Difficulties in weighing large glass vevssels caused by electrical 
effects ill wiping, by buoyancy, and by changes in temperature be- 
tureen the liMance room and laboratory. 

(3) The liability to error from access of gases containing sulfur 
and ehlorine, which may be formed during combustion of the metal 
or of the carbonaceous residue therefrom. The difficulty had been 
avoided in the chromic acid method by the use of an U tube fitted 
with glass beads and a saturated solution of silver sulfate in 5 per 
cent suliuric acid. 

(4) The difficulty of determining whether the increase in weight 
of the tube is due solely to the carbon dioxide. 

(5) The time lost in waiting for the absorption tubes to reaeli 
equilibriun! before w’eighing. 

If tlie complicated purifying train gets out of order or if the tube 
itself introduces errors in some way, it may often be difficult to. 
locate and correct the trouble. In actual practice with this method 
this last experience unfortnnateh' occurred and it was after much 
working that the source of error was located in one of the U tubes 
wliose stopper was not air tight and Avas thus leaking. 

III. Parr'vS Dry Combustion Method. 

The following description of the method is taken from Water- 
man ^s (3) ■ thesis. 

1. Place 1 gram soil, 5 gm. Na202, .75 gnis. magnesium powder 
in the bomb, close, sereAV tight and explode by holding in a gas. 
Maine. , Cool under tap. .. 

2. IIuscreAv cap and wash charge into the 150 ec. flask, using 
boiling . water in wash bottle. Boil the solution to remove excess, 
oxygen and to fill the flask AAuth water ympor. 

3. While boiling the solution, raise the leA^elling tube till the 
burette is filled Arith mercury. Then shut stopcock. Close stop- 
cock into acid funnel. 
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4. Place tlie 150 ec. flask in place and gTadiially open the cock 
eoiineeting the condenser with the burette. (Caution). If opened 
too quickly solution will boil up and pass over into burette. 

5. Place 50 ee. 1 : 1 H 2 SO 4 in acid funnel and allow to run slowly 
into flask. 

6. When all H2SO4 is run in, close stopcock and boil solution 
for ten niinutes controlling heat so that water will not pass into the 
burette. 

7. Pill acid funnel 'with cold, recently boiled, COo free, water. 
Alloiv it to run into flask until the water rises to the first stop- 
cock. Then shut it off and connect with mercury funnel. By rais- 
ing it, fill 4he tube right to the burette with mercury. All the gas 
is now ill the hurette. 

8. Close the stopcock at the top of the burette, lower levelling 
tube to a convenient level and draw in air through the pipette. Then 
close the stopcock, raise levelling tube until both columns are level 
and read. The level of the KOH in the pipette should be noted. 

9. Then open cock, pass gas up to 100 ee. mark into the pipette, 
close cock and shake to absorb the CO2. Eeturii the unabsorbed gas 
to the burette so that level of KOH is the same as in 8. Close 
stopcock, level the mercury and read. Difference is CO2. 

10. Again lower levelling tube as before, allow air to enter and 
repeat the operation. The CGo envolved by one gram generally 
requires two to five such operations— more from two grams. 

11. Note temperature of gas, and barometric pressure and cal- 
culate the volume of CO2 present at 0°C and 760 mm. pressure. 
Then calculate the per cent total carbon. 

12. The carbonate CO2 is measured in the same way, adding 10 
gms. of soil to 50 cc. ivater in the flask and boiling before placing 
on the apparatus. The rest of the operation is the same as above 
described. 

A comparison of the Official Method and the Parr dry combus- 
tion shows the fact 14 out of 24 samples agreed within a difference 
of 0,2 per cent, the majority of them much more closely, and the 
differences being in either direction. The agreement is fairly good 
when we consider that the analyses were made by different indi- 
viduals, ivsing different methods. Furthermore, the samples that do 
not agree vvithin a 0.2 per cent difference are pretty close to it, with 
the possible exception of soil 3 A. The analysis of this sample by the 
Parr method shows a very low figure, but there is some reason lo 
believe that something might be wrong with that figure since the 
other methods agreed with the expected difference. 
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RESULTS 

COMPARISON OF 3 METHODS OF DETERMINING CARBON IN SOILS 


Sample 

No. 


Soil Type 


i6A. 
14A. 
27 A. 
48 A. 

57 A. 
61 A. 
56 A. 

58 A. 
7A. 

54 A. 
34 A, 
3A. 
49A, 
12A. 

66 A 

67 A 
65 A. 
55A. 


Ontario Loam 

Ontario Loam 

Ontario Loam 

Ontario Loam 

Ontario Loam 

Ontario Loam 

Ontario Loam 

Ontario Loam 

Volusia stony silt loam — 
Volusia stony silt loam — 
Volusia stony silt loam — 
Volusia stony silt loam — 

Volusia silt loam. 

Volusia silty clay loam. . . . 

Vergennes clay 

Vergennes clay 

Vergennes day 

Wooster gravelly silt loam. 


53 A 
22A 
32A. 
28 A 
HA 
8A 
63 A, 


Wooster silt loam 

Honeoye silt loam 

Dutchess silt loam 

Gloucester loam 

Dunkirk silt & clay loam. 
Lordstown stony silt loam 
Worth loam 


Per cent organic carbon air-dry sample 


Official Wet 
Combustion 
Method 

Method of 
White & 
Holben 

Parr’s 

Combustion 

Method 

1. 78 

1.47 

2. 14 

1. 85 

1.67 

1. 69 

3. 09 

2. 85 

3. 21 

1.50 

1.28 

1. 60 

2. 35 

1. 77 

1.9S 

1.65 

1.38 

1 . 65 

1. 59 

1.30 

1.66 

1. 91 

1.89 

2. 17 

2.55 

2. 27 

2. 86 

5. 41 

4.54 

5. 32 

2.79 

2. 45 

2,32 

3.15 

2.^' 

: 2. 26 

1. 65 

1. 47 

1.58 

2. 67 

2. 45 

2. 74 

2. 50 

2.28 

2.58 

2. 82 ! 

2. 45 

2. 75 

2.23 

1.98 

1.91 

2. 64 

2. 40 

3. 01 

3. 22 

3. 27 

3. 55 

2. 14 

1.96 

2. 24 

2. 82 

2. 46 

2. 54 

2.56 

2, 32 

2.53 

1.81 

1.38 

1.86 

3. 71 

3. 42 

3. 67 

2.66 

2. 39 

(1) 


(1) Figures not available for this sample by the Parr dry combustion method. 


Tlie agreement between the methods of White and Holben (14) 
and the Parr Combustion (13) 'is not very satisfactory, the former 
giving uniformly low results which represent approximately 90 per 
cent of the total carbon obtained by the Parr method. 

It would appear from these results that the official wet oxidation 
method is more accurate than that described by White and Holben 
(14). It appears also that the latter has the disadvantage of more 
complicated equipment and requires more care and time in the mani- 
pulatiou. 

SUMMARY 

1. Total carbon was determined in 25 samples of soil using the 
Official wet oxidation method and the chromic acid method of White 
and Holben (14) . The results were eompared with those obtained 
by Waterman (13) with the Parr dry combustion method. 

2. The Official wet combustion method eompared favorably with 
the absohite method of Parr, 

The method of White and Holben (14) gave consistently low 
results... ■ . 
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.A MODIFICATION OF MITSCHEELIOH’S METHOD FOR THE 
DETERMINATION OF THE NUTRIENT 
CONTENTS OF A SOIL 

By Beenarbo G. Capo. 

(Graphs and Diagrams by Peniando Chardoii.) 

Introduction 

To find the relation that exists between the eoneentrations of 
plant nutrients in a soil and the yield of the crop planted in it, has 
been for a long time one of the main i)robiems tackled by* agrieiiltural 
chemists all the world over. Among the many iiiTestigators who 
have Avorked along this line, E. xi. Mitscherlieh has startled his col- 
leagues by' making a series of bold assertions Avitli respect to this 
problem. 

Mitselierlieh 's theories have been both attacked and defended 
with too much zeal. In fact, in many cases the scientific point ol 
view has been overlooked, and both attackers and defenders have 
arbdrarily^ discarded data Avhieh would prove nnsatisfactory for 
their own point of view. 

To determine to just wdiat extent Mitscherlieh theories apply to 
plants groAvn under Puerto Rican conditions and the possibility of the 
application of said theories to the furtherance of Puerto Rican agri- 
cnltiire have been objects Avhich the author has tried to attain in 
complying with the requisites of the project under which this Avork 
has been performed."" 

Mitscherlich ’ s Theories 

Mitscherlieli has stated that the relation bel ween the initial eon- 
centration of any given ]>lant nutrient in a given soil and the yield 
of the plants groAvn in it may be represented by an equation of 
the type: „ 

y = A(l— K^) (1) 

where is the yield of the crop obtained Avith the initial eon- 
€entration"x’’ of the plant nutrient, is the maximum yield 

obtainable AAuth unlimited increases in the initial concentration of 
said plant nutrient, and“K^ V is a constant corresponding to the 
mutrient under ,, study. A 

* Til’s Avork has been performed niidei* Project No. 2, Bankhead-Jones Fund. 

■ 137 , 
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To caleiilate the values of the constants and which, are 
applicable to a given set of conditions, it is necessary to know at 
least the yields produced, under the required set of conditions, with 
tivo different initial concentrations of the plant nutrient. The corre- 
sponding values for and ‘'y'" are substituted in equation (1) 
above, and the resulting equations are solved for and 

If only the yields produced with tw^o different initial concentra- 
tions of the plant nutrient are know^n, the substitutions will provide 
only two eciuations in the twn unknowns '^A'^ and These are 

solved, therefore, simultaneously. 

If the yields produced with more than two different initial eon- 
eeiitrations of the plant nutrient are known, the suhstitutions will 
provide more than twn equations in the two unknowns ‘^A^’ and 
These should be solved, therefore, by the Method of Least 
Squares in order to obtain the most probable values of the constants 
^^A’’ and 

With the values of '‘A'"" and “K” as obtained by either of the 
twn methods referred to above, an equation of the type of . equa- 
tion (1) may be written to express the relation that exists between 
the initial concentration of the j)lant nutrient and the yield of the 
crop w^hielx is produced in its presence under the given set of condL 
tions. With this equation it is possible to calculate the yield of the 
crop w^hich wuiild be produced, under this set of conditions, by any 
initial eoneentration of the plant nutrient. 

II OW' ever, the equation which show’^s the relation between the initial 
eoneentration of a nutrient in a given soil, with its ow^ii set of 
elimatie conditions, and the yield of the crop planted in it must also 
provide for the specific available nutrients in that soil. 

Tlie equation is therefore, modified into one of the type 

y-A(l— (2) 

where ‘'y^h V'A” and '‘K’’ mean the same as in equation (1), and 
now * 'b + is the initial nutrient eoneentration; being the 

respective nutiuent eoneentration in the unmanured soil and the 
increase in nutrient concentration produced by the addition to the 
soil of materials containing said nutrient. 

contains, therefore, three constants or parameters 
wdiose values must be detennined. In order that the values of these 
eGiistants may be ealciilated it is necessary that at least three yields 
produced wdth three different applications of the nutrient be knowin 
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If only three such Yalues are known, due substitutions for “x’’ 
and ''y’’ are made in equation (2) and the resulting three equations 
solTed siimiltaiieoiisly in order to find the Tallies of 

and 

If more than three yield values with the corresponding nutrient 
applications in Aviiose presence they were produced are kiiowui, the 
substitutions in equation (2) will furnish more than three equations 
ill these three unknowns and these equations must then be solved by 
the i\lethod of Least Squares in order to obtain the most probable 
values of the const ants and ^'b’h 

The value of “b” found in either of these ways is therefore the 
nutrient content of this soil for this respective nntrieyt. The ap- 
plication of equation (2), therefore, affords a method for the deter- 
mination of the content by a soil of any given plant nutrient. 

This method requires: the application to given equal amounts of 
soil, of three different amoimts of the plant nutrient under study,, 
the growth of a crop in each of these soil portions, the iveigliing of 
these crops, the substitution of the values of nutrient applications 
and correvsponding crop yields for 'Lx'' and ''y'’ respectively in 
equation (2), and the mathematical solution of these equations 
for ‘‘b^b 


This means that for the determination of the content by the soil 
of any plant nutrient, in a form as available to a given plant as 
the form in whieii the plant nutrient is used, an experiment must be 
performed with at least three different applications of said plant 
nutrient in the desired form. If it is required to determine the soil 
contents of the three principal nutrients, (nitrogen, phosphoric acid 
and potash), it is necessary that one of such experiments be per- 
formed with each of these plant nutrients, making a total of nine 
different treatments. Three of these treatments may be equal, reduc- 
ing the total niimber to seven treatments. With this procedure, 
therefore, it is possible to calculate the soil' contents of the three 
prineipai plant nutrients. 

Mitscherlich has announced, however, that the constant “K’-’ 
corresponding to a plant nutrient is the same for all crops and in 
all soils. He has stated, in fact, that the following values hold for 
these nutrients under all conditions, when the nutrient amonnts are 

expressed in cloublezentners per hectare : 


For ammonia (.NHs) : ' 

For phosphoric acid (P 2 O 0 ) : 

For potash (K 2 O), sodium present: 
For potash (K 2 O), sodium absent: 


K -= 
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The constancy of these ^‘effect factors'^, as claimed by Mitscher- 
iieh, led him to devise a simplification of the experimental scheme 
described above. Since the values for the different are fixed^ 

the determination of the soil content of a plant nutrient can be 
done with only two different applications of said plant nutrienty 
since the values of only the two parameters and must 

be found. For the study of the soil contents of all three principal 
nutrients a total of six different treatments would be required, which 
number reduces to only four different treatments, since three of the 
six treatments may be equal. In this way the procedure of finding 
the nutrient contents of a soil is very simple. If to this is added 
the fact that these experiments can be performed with advantage in 
pots, where the conditions under which all treatments act may be 
carefully controlled, this procedure may atford a most simple and 
accurate method to do these determinations. Only one requisite is 
lacking. That it will work. Which leads us to our experimental 
work, which began with some experiments designed to determine 
whether this simple procedure gives reliable results. 

Experimental Work 

To date ten different pot experiments and one field experiment 
have been performed in five different soil types. The field experi- 
ment was performed on a field from which a soil sample had been 
taken for a pot experiment. The corresponding pot and field ex- 
periments thus cheek one another and their results serve as indications 
of the reliability which may be put on the results of pot tests of 
the type here preferred. These two experiments are the ones which 
will be presented as the experimental work on which the conclusions 
obtained from this work have been mainly based. The results of 
the other pot experiments, and of a field experiment performed with 
eggplants at the Isabela Sub-Station farm following tbe plan used 
in our field experiment, are in line and corroborate full.y the conclu- 
sions derived from the two experiments presented here. 

Pot Experiment W'ith Vega Baja Silty Clay 

The Vega Baja silty clay consists of a slightly mottled alluvial 
gray brovm top soil lying over yellow brown and red mottled stiff 
cday. The soil sample for this experiment was taken from field ID 
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of the Station farm, where the field experiment that follows this 
one w^as established. The soil was air dried and sieved tlirougli a 
0.25 inch diameter circular hole sieve. The sieved soil w-as well 
mixed and one kilogram samples taken for each pot. Mitsclieiiieh ''s 
enameled pots with circular openings at the bottom with capacity 
for 6 kilogram samples were used. The one kilogram of soil for 
each pot was mixed wdth 5 kdograms of Corozos sand and with 
the appropriate amounts of the nutritive salts before being trans- 
ferred to the corresponding pot. The Corozos sand, a white quartz 
type of sand, was unwashed, but rapid chemical tests showed that 
it contained no nitrates, nor ammonium salts, no potash and only 
traces of phosphoric acid. This experiment was performed with 
Hegari Sorghum, a crop wdiich previous pot tests had demonstrated 
to be the best among a series of standard grain and grass varieties 
as regards germination, speed of growdh and freedom from disease 
and insect attacks, under greenhomse conditions at the Station. 

Due to the good germinating power of the seeds only 40 seeds 
ivere planted in each pot, and 35 plants were allowed to grow^ until 
harvest time. The thinning was done on the fourth day after plant- 
ing, the plants being already about 1% inches high. Due to the 
rapid growth of the plants, Mitscherlicii ’s watering procedure was 
varied. During the first days after planting the w^eight of each pot 
was raised by 200 g. daily, later on by 100 g. daily, then *by 50 g. 
and finally by 25 g. daily until full water capacity was reached for 
each pot. After the water content of a pot had been brought to 
full w^ater capacity the increases in weight were reduced to only 
10 grams. That is, when it was found that a pot dripped, its weight 
was brought v^ith distilled water to the same weight as on the previous 
day. If no water had percolated to the pan beneath, the weight of 
the pot was raised with distilled water by 10 grams. In this way 
the water content of each pot wvas brought to full wvater capacity 
every' day. 

The crop was harvested when the plants were about to head, that 
is, at the end of the vegetative period. On harvesting, all the mate- 
rial above the soil in each pot w^as cut with shears into pieces of 
about 1 inch in length and placed in a tared and numbered wire 
basket. The plant material was then dried to constant 'weight in a 
constant temperature electric oven at a temperature of about 115°C. 
Constant we.glit was assumed to be arrived at wdieii the basket did not 
lose more than 0.1 gram after being in the oven for 3 additional 
hours. Table I siimmanzes the results of this experiment. 
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FIG. 1. Interior of the greenhouse where the pot experiment was conducted. 
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Treatments (in 

grams of substance per pot) 

Yield (in grams of dry- n 

atier per 

lOt) 






Replit 

at ions 



. No. ■ 

NH:.. 

rr-o.', 

KA) 


2nd 

Sr.i 

4tT-i 

A \-era,ge 

1 

1.0227 

0. 1893 

O.OGGO 

31.0 

25. 6 

27. 9 

27. 0 

27. 9 


].fr227 

0. 1S93 

0.121s 

32. 6 

33.1 

3';. 1 

37, 3 

34. s 


1.0227 

0. .1893 

0. 2430 

43 0 

40. 2 

37. 5 

42.3 i 

49. S 

A 

1. 0227 

0. 0000 

0. 3054 

13 3 

1 1. 9 

11.2 

11.6 : 

12. 0 


1.0227 

0. 0031 

0. 3054 

25.3 

24. 3 

25. 9 

25, 8 1 

25. 3 

}\ 

1.0227 

0. 1202 

0. 3654 

38. S 

36.3 

34.7 

1 33.2 ! 

■ 35. 8 


o.oono 

0. 1893 
0. 1893 

0.3654 j 

10. 5 

! 10. 1 

10.4 1 

i 10.3 ; 

r.l. 3 
' ' 33. 8 

8 

0.3-109 

0. 3654 * 

39. 2 

35. 9 

3'i. 3 

3*1. 0 

9 . . 

0. 6S1S 

0. 1.S93 

0. 3654 i 

44. 1 

■ 45. 0 

4,1. 5 

30. 1 ; 

42. 5 

10 

1 . 0227 

0. 1893 

0. 3654 i 

42. 7 

48.8 

53.4 i 

41.9 , 

,47.4 

11 

0. 3409 

0. 0031 

0.1218 i 

20. S 

21. 8 

21. S 

2!. 7 

21.5 

12. 

0. (ISIS 

0.1202 

0.2436 

41.4 

■ ih 9 i 

35. 0 

31,. 8 j 

; :u. t'i 


1 ■ ■ '1 

i 








Talile I. — Eesults of the Pot Experiment witb IIe<^ari Sorghum 
ill Vega Baja silty clay. 

InteVprefation o; the Results of the Pot .Experimenf: (ji) The 
equation of the type of equation (2) above veliich fit.s best the average 
results obtained with treatments 1, 2, 3 and 10 is 

y = S91.6(l— ( i) 

This means tliai in tliis soil there are 0.5163 g. K^O per kilogram in 
a form as available to the plants a>s the K2O in K2SO4, which was 
the salt used to fiirnisli the K2O in this experiment. The fit between 
th actual yields obtained and those calculated by making use of 
equation (3) may be observed in Table II and Graph I. 


Grams KA) added irer pot 


Yielils fill jrram.-; 
dry-niaUer per pot 


Aetual i 


U. 1218 
().243<i 
U . 3fifd . 


27. ‘H 28.1 

:u.8 I :u.f> 

•HI. 8 : -11. 0 

•17.4 ; ■17.-1 


Table II.— Goinparison between the average yields olhaiued witti 
treatmetEs 1, 2, 3 and 10 and those ealeulatecl by making use of 
equation' {3). • ■ • ■ 
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Acfual yields. - — Calculafed yields. 


Graph 1.^ — Comparison between the average yields obtained with 
treatments 1, 2, 3 and 10 and those calculated by making use of 
equation (3)- 

The good fit obtained in this case indicates that the constants of 
equation (3) have values Avhich do not differ very much from the 
real values and that therefore the available K2O content of this soil 
is close to 0.5163 g. K2O per kilogram of soil. 

ib) The equation of the type of equation (2) w^hich fits best the 
average results obtained with treatments 4, 5, 6 and 10 is 

y=1580.5('-M).88752t>-f»70+r^ (4) 

This means that in this soil there are 0.0670 g. P2O5 per kilogram 
in a form as available to the plants as the P2O5 in Ca(H2P04)2H20 
which was the salt used to furnish the P2O5 in this experiment. The 
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fit between the actual yields obtained and those calculated by making 
used of equation (4) may be observed in Table III and Cxra}:)ii I.L 


Grams P-jOs added per pot 

Yields pn i^'rams of 
dry-mMiter j)or fiot) 

Actual 

Calculated 

0.0000 

12 0 

12.6 
94 3 

0. 0031 

2f) 3 

0. 1202 

35.8 

30. 0 


47 . 4 

47 . 6 


Table III. Comparison betw^een the average yields obtained with 
treatnieiits T, o, 6 end 10 and those caleiilated by making use of 
equation (4). 



GRAPH NO. II 

■ — Aclual fields. - _ Galcuf^led yields.- 

Graph II.— Comparison between the 'average yields obtained with 
treatments 4, 5, 6- and: :10 and ■ those,... cal eulated ' by making use of 
equation (4). 
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TIG, 3. VioWj at JiarTest time, of pots whicli had received treatments 4, 5, 6, and 10 respectively. 
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The gtood fit obtained in this case indicates that the constants of 
equation (4) do not differ very much from the values of the real 
constants and that therefore the available P20r, content of this soil 
is close to 0.0670 g. P2O5 per kilogx*am of soil. 

(c) The equation of the type of equation (2) which fits best the 
average results obtained with treatments 7, 8, 9 and 10 is 

y=:=47.53(l— (5) 

This means that in this soil there are 0.0706 g. NH3 per kilogram 
in a form as aAmlable to the plants as the NH3 in (NH4)2S04 which 
was the salt used to furnish the NH3 in this experiment. The fit 
between the actual ^yields obtained and those calculated by making 
use of equation (5) may be observed in Table IV and Graph III. 


Yields (in grams of 
dry-matter per pot 


0.{X)00, 

0.3409, 

0.6818. 

1.0227. 


Grams NHrj added per pot 



Table IV.— Comparison between the average yields obtained with 
treatments 7, 8, 9 and 10 and those calculated by making use of 
equation (5). 

The good fit obtained in this case indicates that the constants of 
equation (5) have values which do not differ very much from their 
real values and that therefore the available NHs content of this soil 
is close to 0,0706 g. NH3 per kilogram of soil. 
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Acludl yields Calculated yields 


Graph III. — Comparison between the average yields obtained with 
treatments 7, 8, 9 and 10 and those calculated by making use of 
equation (5), . 







FIG. 4. View, at harvest time^ of pots which had received treatments 7, 8, 9 and 10 respectively. 
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(J) Now, since aecording: to Mitsclierlicli, the effect factors corre- 
sponding’ to the different nutritive elements are constant, it should be 
possible to write out a general equation relating the plant yields 
with the initial concentrations of these three nutrients. The general 
equation is of the following type: 

and in this particular case the calculated general equation is 
7 = 30210.2(1-0.0313 )( 1-0.88752 o-Q^TO-fx^ )(1-0.04005 o-*^6:hxj^ )(7) 

If Mitseherlieh’s assertion regarding the constancy of the effect 
factors were true, it should be possible to calculate wifh this equa- 
tion the yields which would be produced with any known initial eon- 
eeiitrations of all three plant nutrients. Treatments 11 and 12 were 
included in this experiment with the purpose of providing such a 
elieek. In Table V and Graph lY may be observed the fit between 
the actual yields obtained with treatments 11 and 12 and those cal- 
eulated by making use of equation (7). 


XTitrients added 

Yields (in grams of 
dry-matter per pot ) 

Actual j 

Calculated 

0. 3409 g. NHs; 0, 0631 g. Pa O'-,; 0. 1218 g. KaO. 

21.5 

36.6 

13. r 

;29. 2 

0.6818 g. NHa; 0. 1262 g. PaOr,; 0. 2436 g. KaO 



Table Y.— Comparison between the average yields obtained with 
treatments 11 and 12 and those calculated by making use of equa- 
tion (7). 
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0.0631 g. P 2 O 5 O.I262g. P 2 O 5 

0.1218 g. K 2 O 0.2436g. K 2 O 

Grams of nufrienfs applied per pof. 

GRAPH NO. IV 

Ac^U5! yields. — Calculahcd yields. 

Graph IV, — ^Comparison between the average yields obtained with 
treatments 11 and 12 and those ealciilated by making use of equa- 
tion (7). 

The poor fit obtained in this case indicates that equation (7) 
cannot be validly used for the calculation of yields produced under 
the conditions of the pots with ti*eatments 11 and 12. This lack of 
agreement between the actual yields and those calculated by means 
of this equation is against Mitsclierlich ’s affirmation with regard to 
the constancy of the effect factors. 

PiEi.D Experiment IN Vega Baja Silty Clay 

This experiment was implanted on field ID of the Station farm. 
The field was divided and the fertilizer treatments applied according 
to diagram No. 1 : The manured plots, being 21.75 feet in length 
hy 14.5 feet in width, w^ere 1/138 acre in area. The NH 3 was applied 
as 25 per cent sulphate of ammonia, the P 20 r) as 20 per cent super- 
phosphate of lime and the K^O as 50 per cent sulphate of potasli. 





wlii 
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FIG. 5. View, at liarrest time, of pots which had received treatments 11, 12 and 10 respectively. 
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The weighed salts corresponding to each plot were broadcasted uni- 
formly over the whole surface of the plot. The treatineiits applied 
are deseribed in Table YI. 


A- 

B. 

C. 

;d. 

f;. 

F. 

G. 

H. 

I. . 

J. . 

K. 
h. 


Treatments ■ 

Cwt. NHs 
per acre 

Cwt. PUs 
per acre 

Cwt. K 2 O ' 
per acre 


2.25 

2.25 

0 


2.25 

2,25 

0.75 


2 25 

2,25 

1 . 50 

• i 

2.25 

0 

2.25 


. 2.25 i 

0.75 i 

2,25 


2.25 

1 . 50 

2 . 2.> 


0 

*> 9f, 

2.25 


0.75 

2:25 

2 , 25 


1.50 

2.25 

2.25' 


2.25 

2.25 i 

2.25 


0.76 

0 . 75 

0.75 


1.50 

1.50 

1 . 50 




Talile YI. — Treatments applied in the field experiment. 

Fertilizer applications Avere made on January 10 and 11, 1937. 
The field Avas planted several times to Hegari Sorghum in roAVs 34.8 
inches apart, the holes in each roAv being at distances of 1 foot from 
the adjacent ones. Three seeds Avere planted in each hole, there 
being 6 roAvs in each plot. Due hoAvever to the repeated failures hi 
obtaining the proper germination of the seeds, it Avas finally decided 
lo plant the field to Sudan grass. The Hegari Sorghum seeds had 
a very high germination percentage but held. ID Avas infested Avitli 
large numbers of ants and as soon as ttie seed shells Avere softened, 
the ants destroyed the seed almost coinpletelAE The Sudan grass, 
planted on May 6 , 1937 and replamed on June 6 , 1937 in the places 
AA'here no seeds had germinated, gave a very good stand in all piot>s. 
The experimental held Avas Avatered almost daily for two or three 
weeks to insure a good stand. On August 23-4, 1937, the crop in 
each plot Avas harvested and Aveiglied. Diagram No, I shoAAVs the 
distribiiiion of the treatments on the experhnental held and the yields 
in pounds per plot. 
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8-H 

104.5 

8-C 

115.8 

8-J 

1 16.4 

8-F 

114.2 

8-G 

87.1 

8-D 

74.3 

8-1 

105.5 

8-B 

114.9 

8-K 

95.4 

8-L 

100.8 

8- A 

113.7 

8-E 

80.7 

7-E 

95.0 

7-K 

74.4 

7-G 

72.2 

7-H 

86.2 

7-C 

90.2 

7-B 

1123 

7-L 

89.6 

7-F 

91.1 

7-A 

101.0 

7-D 

56.5 

7-J 

97.7 

7-1 

95.5 

6-B 

103.9 

6-F 

94.5 

6-D 

86.0 

6-L 

102.1 

6-1 

114.9 

6 -A 
114.5 

6-J 

114.2 

6-G 

72.8 

6-E 

61.6 

6-K 

67.9 

641 

91.3 

6-C 

105.4 

5-L 

88.5 

5-A 

98.4 

5-1 

96.1 

5-J 

113.5 

5-E 

103.7 

5-K 

93.5 

5-C 

II6.I 

5-D 

72.5 

5-H 

74.1 

5-B 

95.7 

5-F 

97.5 

5-G 

77.4 

4-1 

118.9 

4-E 

96.3 

1 

1 

4-K 

87.7 

4-B 

115.8 

1 

Q!| 

m 

4-L 

123.1 

4-F 

125.5 

on 

4-C 

114.7 

4-G 

93.7 

! 


4-A 

129.1 

1 

3-F 

102.4 

3-J 

120.5 

3-H 

81.2 

3-C 

99.0 

3-A 

92.0 

jm 

IQ 

3-K 

93.2 

3-L 

117.2 

3-E 

1182 

3-1 

129.7 


2-D 

91.4 

2-G 

68.1 

2-L 

95.2 

2-K 

71.8 

2-J 

123.2 

2-1 

122.4 

2-A 

124.9 

2-E 

122.1 

2-B 

143.2 

2-F 

119.1 

2-C 

119.4 

2--H 

108.9 

IQ 

l-B 

1219 

[-C 

122.1 


l-E 

112.2 

g 

l-G 

86.9 

1 

1-H 

11.0.4 

: 1 

.1-1 

126.5 

l-J 

130.^ 


m 


DIAGRAM NO.! 

WSTRIBUTION OF TREATMENTS ON EXPERIMENTAL FIELD 
AND 

YIELDS IN LBS. PER- PLOT 

The results of this field experiment have been tabulated in 
Table VII. 
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Interpret (it ion of the Results of the Field Experiment : (a) Tlie 
equation of the type of equation (2) which fits best the ayerage re- 
sults obtained with treatments A, B, C and J is 

y = 120.0(l— 0.8051812-61 + ^). (8) 

Tins means that in this soil there are 12.61 cwts. KoO per acre in 
a form as available to the plants as the K 2 O in sulphate of potash 
which was the material used to furnish the K 2 O in this experiment. 
The fit between the actual yields obtained and those calculated by 
making use of equation (8) may be observed in Table YIII and 
Graph Y, 


Cwts. K>0 added per acre 

Yields pounds of 

[ green material per plot) 

Actual 

Calculated 

0 

111.1 

117.0 

110.3 

116.7 

112.2 

113.4 

114.4 
115.2 

0.75 

1.50 

2.25 



Table YIII. — Comparison between the average yields obtained 
•with treatments A, B, C and J and those calculated by making use of 
equation (8). 
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Acfual yields. Caiculafed yields. 

Graph V.— Comparison between the average yields obtained with 
treatments A, B, C and J and those calculated by making use of 
equation (8). 

In the pot experiment performed wdth this same type of soil, 
it was found that the surface soil of this field contained 0.5163 g. 
K 2 O per kilogram of soil, and if it is assumed that one acre of soil 
weighs 2,000,000 pounds, then it would contain 1032.6 pounds K^O 
per acre. On the basis of this assumption, the field experiment 
demonstrates a presence of 1261/1032.6 = 1.22 times the amount of 
potash determined as available by the pot experiment. 

(6) The equation of the type of equation (2) which fits best the 
average results obtained with treatments D, E. P. and J is 

y==129.0(l— 0.55385i-8« + ='). (9) 

This means that in this soil there are 1.66 cwTs. P 2 OS per acre in a 
form as available to the plants as’tihe P3O5 in superphosphate of lime 
which was the material used to furnish the PjOs in this experiment. 
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The fit between the actual yields obtained and those ealeulated by 
making use of equation (9) may be obseawed in Table IX and 
Graph YI. 



Yields (in 

pounds of 


1 green material per plot) 

Cwts. P 2 O 5 added per acre 




victual ' 

Calculated 

0. 

i 

80.4 : 

80.6 

0 75 

98.7 ' 

97.9 


108.0 i 

109.1 

2 25 

116.7 1 

116.2 





Table IX. — Comparison between the average yields obtained with 
treatments D, E. P and J and those calculated by maSing use of 
equation (9). 



Cwls. of P 2 0^ applied per acre 

GRAPH NQ VI 

AcNai yields Cafcilafed yields 


Graph YI. — Comparison between the average yields obtained with 
treatments D, E. F and J and those calculated by making use of 
equation (9). 
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Ill the pot experiment performed with this same type of soil it 
was found that the surface soil of this held eontained 0.0670 g. 
P2O5 per kilogram of soil, and if it is assumed that one acre of soil 
weighs 2,000,000 pounds, then it would eontain 134 pounds P 2 O 5 
per acre. On the basis of this assumption, the field experiment 
demonstrates a presence of 166/134 == 1,24 times the amount of P2O5 
determined by the pot experiment. This figure compares favorably 
with the previous one of 1.22 obtained in the ease of K^O as the va- 
riable factor. The ratio of the amounts of P2O5 and K2O determined 
by the pot experiment is practically equal to the ratio of the amounts 
of P2O5 and K2O determined by the field experiment. This may be 
considered a good check with regard to the accuracy of this kind 
of pot experiments. 

(e) The equation of the type of equation (2) which fits best the 
average results obtained with treatments G, H, I and J' is 

y= 136,6(1—0.5968 + ") . (10) 

This means that in this soil there are 1.65 cwts. NH3 per acre in a 
form as available to the plants as the NH3 in sulphate of am- 
monia wliieh was the material used to furnish the NH3 in this 
experiment. The fit between the actual yields obtained and those 
fealcnlated by making use of equation (10) may be observed in 
Table X and Graph VII. 




Yields (in pounds of 
green material per plot) 


Cwts. NH3 added per acre 

Actual 

Calculated 

0 

79.1 

78.3 

0.75 

94.0 

97.0 

1.50 

113.7 

109.0 

2.25... 

116.7 

117.9 



Table X. — Comparison between the average ^fields obtained with 
the treatments 6, H, I and J and those calculated by making use 
of equation (10). 
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Actual yields Calcula^€d yields 


Graph VII. — Comparison between the average yields obtained with 
the treatments G, H, I and J and those calculated by making use 
of equation ( 10 ). 

In the pot experiment performed with this same type of soily 
it was found that the surface soil of this field contained 0.0706 g. 
NHg per kilogram of soil, and if it is assumed that one acre of soil 
weiglis 2,000,000 pounds, then it would contain 141.2 pounds NH 3 
per acre. On the basis of this assumption, the field experiment 
demonstrates a presence of 165/141.2 = 1.17 times the amount of 
NH 3 determined by the pot experiment. This figure is of the same 
order as the two previous ones found with K 2 O and P 2 O 5 as nutrients 
in variable amounts and it seems as if it might be concluded, in the 
light of this evidence, that pot experiments of this type may be 
used to determine with fair accuracy the relative available amounts 
of the three principal nutrients, i. e., nitrogen, phosphoric acid, and 
potash. 



162 THE JOURNAL OF AGRICULTURE OP THE UNIVERSITY OP F. R. 

(d) If the general equation of the -type of equation (6) corre- 
sponding to this experiment is calculated from the equations (8) ^ (9) 
and (10), the following general equation is obtained: 

y = I53.6(l-0.5 68^-65 +x^)(1»0.553851-«6+^p)(1--0.8051812^^^ (11) 

Calculating by means of equation (11) the yields which should 
have been produced by treatments K and L of the field experiment, 
and comparing these calculated values with the actual yields ob- 
tained in said experiment, it will be found that in this case there is 
a very poor fit betw^een these results. This poor fit may be observed 
in Table XI and Graph YIII. 


Nutrients added per acre 

Yields (in pounds of 
green material per plot) 

Actual 

Calculated 

0 .7^5 cwt. NHa; 0.75 cwt. P2O5; 0.75 cwt. X2O 

86.4 

104.9 

78.2 

98.8 

1.50 cwt. NHg; 1.50 cwt. PaOa; 1.50 cwt. K2O ^ 


Table XI. — Comparison between the average yields obtained 
with treatments K and L and those calculated by making use of 
equation (11). 
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Cwf$. of nufrienfs applied per acre. 


GRAPH NO. Vni 

Actual yields. - — Calculated yields. 

Graph VIII. — Comparison between the average yields obtained 
with treatments K and L and those calculated by making use of 
equation (11). 

This behaviour is analogous to the one observed in the case of 
the pot experiment and it corroborates a conclusion which might 
have been drawn from those results, in fact, that the general equa- 
tion caleulated for a crop growing in a soil under certain fertilizer 
eoneentrations is not applicable to other conditions. This same be- 
havioiir was noticed by the late W. J. Spillman on studying the re- 
sults of a tobacco fertilizer experiment conducted by W. W. Garner 
and his associates at Georgia. The explanation for these discre- 
pancies offered hy Spillman might be accepted for said experiment 
but in our case, where the conditions elaimed to produce those ef- 
fects were not present, no explanations of this sort are possible to 
maintain the general applicability of such an equation. If this is 
so, then, the 4-treatment procedure recommended by Miteherlich, 
based on the applicability of this general equation and with fixed 
values for the effect factoids, should not give reliable results. , 
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The eoncliision arrived at, therefore, is that the 7-treatment tests 
should be preferred to the 4-treatmeiit ones recommended hj Mitseher- 
lieh, for although they are more elaborate and costl}^ than the 4-treat- 
meiit ones, ^^et their aceiiraey more than offsets the disadvantages 
mentioned. 

Procedure Followed at Present for the Determinarion of thk. 

Nutrient Contents op a Soil by Means of Pot Tests 

Partial samples to the desired depth are taken at several places 
in the field representing the soil type to be studied. These soil sam- 
ples are air dried, sieved through a 0.25 inch circular hole sieve and 
well mixedr 

The proportion of soil to Corozos sand in the soil-sand mixture 
to be used in the pot tests is determined from the texture of the 
soil sample. For example, with clays or silty clays 2 kilos of soil 
are mixed with 4 kilos of Corozos sand, with sandy loams 4 kilos 
of soil are mixed with 2 kilos of Corozos sand, etc., to make up the 
6 kilos for each pot. 

The soil and sand are mixed in an oil cloth with the proper amounts, 
of the salts which are used to furnish the nutritive materials. The 
following seven treatments are given by quadruplicate to each soil- 
sand mixture: 


1— 1.000 g. NH3; 

2— 1. 000 g. NHs'; 

3— 1.000 g. NH3: 

4— 1.000 g. NHsi 

5— 1.000 g. F 2 O,; 

6— 0.500 g. NH3; 

7— 1.000 g. NHa; 


1.000 g. P2O5. 
1. 000 g, P2O5; 
1. 000 g. K2O. 

0 . 500 g, P 20 g; 

1. 000 g. K2O. 
1.000 g. P2O5; 
1. 000 g. P2O5J 


0. 500 g. K2O. 

1. 000 g. K2O. 

1. 000 g. K2O. 
1. 000 g. K2O. 


Of the 28 pots used to study each soil: treatment 1 is given te 
pots Nos,. 1, 8, 15 and 22; treatment 2 is given to pots Nos. 2, 9, IS 
and 23; treatment 3 is given to pots Nos. 3, 10, 17 and 24; treat- 
ment 4 is given to pots Nos. 4, 11, 18 and 25 ; treatment 5 is given 
to pots Nos. 5, 12, 19 and 26; treatment 6 is given to pots Nos. 6,. 
13, 20 and 27 ; and treatment 7 is given to pots Nos. 7, 14, 21 and 28. 

Once the soil, sand and salts corresponding to a given pot are 
well mixed, the whole mixture is transferred to the corresponding* 
Mitscherlieh's pot. Each pot is" 'weighed and is then ready to plant 
Immediately before planting, 400 ml. of distilled water are poured! 
on top of the soil of the pot with a sprinkler. With the Hegari 
Sorgliiim seeds now available, 40 seeds are planted in each pot with 
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tlie idea of leaving 35 plants to grow in each pot. The seeds are half- 
buried, by using a small forceps. The seeds are distributed nnifoniily 
upon the whole surface of the pot. A rapid and easy way to do this 
distribution is to plant the first 37 seeds in the order illustrated in 
diagram No. 3, turning the pots around after planting seed No. 22. 
The other three seeds are planted to fill the largest vacant spaces 
remaining after the first 37 seeds are planted. 



MANNER OF PLANTING SEEDS IN ORDER TO 
OBMM A UMORMLY SPACED OISTJIIBUTJON. 


After the 40 seeds have been half -buried, drops of water are 
allowed to fall over and around the seeds in order to pack the soil 
against the . seeds but leaving their upper part uncovered. 
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The next day iieariy all the seeds will have broken their shells. 
The seeds A?hich have loosened themselves are half-buried again and 
tiie wliole surface of the pot is moistened. 

This procedure is repeated the next day, by which time the seeds 
will have sent their first root into the soil and their shoots will be 
about % inch in height. 

Oil the next day most of the plants will have already 2 leaves 
open and they will be about 1% inches in length. The ungerminated 
seeds and as many plants as necessary are removed this day from 
each pot, leaving 35 plants in each pot. Each pot is brought with 
distilled water to a weight equal to its dry weight plus 800 g. 

In the succeeding days the water content of the pots is raised 
by increasing the weight of the pots by 200 g. daily at first and then 
by smaller amounts until fnll water capacity is attained. The idea 
is to attain this full water eapcity as soon as possible. 

After this stage has been reached the first thing in the morning 
to be done is to see which pots have percolated water to the pan 
below and which ones have not. The pots which have percolated 
water are brought with distilled Avater to the same weight as on the 
previous day, after pouring on the pot the percolated solution. The 
pots Avhieh have not percolated AA^ater are brought to a weight which 
is 10 g. larger than the corresponding Aveights of the previous day. 
HoAvever, if after thus increasing the AA^eight of one pot by 10 g. on 
a day it is found on the next day that no AA^ater percolates, the in- 
crease in Aveight on the next day (and succeeding ones if necessary) 
Avill be by 20 g. This watering procedure is continued until harvest 
time; in our ease, until the plants are about to head. 

At harA^est time all the material above the soil in each pot is 
cut into pieces of about 1 inch in length and placed in a tared wire 
basket. These baskets are placed on a constant temperature electric 
OA'Cn and kept at a temperature of about 115^0. until constant weight 
is attained. It is usually found that this condition is attained on 
alloAving the OA^en to stay lighted overnight. 

are weighed on a torsion balance to the nearest 0.1 
gram immediately upon removing from the oven, the procedure being 
to remove one tray and weigh it before removing the next. 

The calcnlations necessary to do the interpretation of one of these 
experiments are presented below. This experiment was performed 
with Bio Piedras clay, a very acid type of soil (pH — 4.39) in which 
a previous experiment done without CaCOs applications had failed 
due to the extreme acidity of this soil. For this reason, CaCOa a® 
a variable factor Avas also introduced in this experiment, making a 
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total of 9 treatments instead of the standard number of 1 treat- 
ments. The treatments and yields obtained are found in Table XII. 
In this case 2 kilos of soil were mixed with 4 kilos of Corozos sand. 

Treatments Yields (in grams per plot) 


Replications 


Nc. 

Nutrients added per pot 

1st 

2nd 

3rd 

4th 

Average 

1 

1.000 g. P 2 O 5 ; 1. 000 g, K 2 O; 6.000 g. CaCOa..... 

19.0 

18.2 

17.5 

17.8 

18.125 

2 

0.500 g. NHa; 1.000 g. PsOs; 1.000 g. K 2 O; 

6.000 g. CaCOa 

34.7 

33.6 

33.6 

33.6 

- 33.875 

3 

1.000 g. NHs; 1.000 g. KaO; 6.000 g. CaCOa 

7.1 

7.1 

7.7 

7.2 

7.275 

4 

1.000 g. NHa; 0.500 g. P 2 O 5 ; 1.000 g. K 3 O; 

6.000 g. CaCOa 

30.5 

32.4 

29.9 

30.0 

30.700 

5..... 

1.000 g. NHa; 1.000 g, P 2 O 5 ; 6.000 g. CaCOa 

23.3 

22,3 

19.8 

22.9 

22.075 

6 

1.000 g. NHa; 1.000 g. P 2 O 5 ; 0.500 g. K 2 O; 

6.000 g. CaCOa 

31,8 

36.7 

34.1 

32,2 

33,700 

7 

1.000 g. NHa; 1.000 g. PaOs; 1.000 g. K 2 O 

1.000 g. NHa; 1.000 g. P 2 O 5 ; 1.000 g. K:20; 

3.000 g. CaCOa 

6.0 

8.1 

6.3 

5.8 

6.550 

8 

30.9 

33.6 

31.1 

31.8 

31.850 

9 

1.000 g. NHa; 1.000 g. P 2 O 5 ; 1.000 g. K 2 O; 

6.000 g. CaCOa 

34.6 

36.0 

32.9 

i 

35,5 

34.750 


Table XII. Results obtained in a fertilizer pot experiment with Rio Piedras clay. 


The following formulas, derived from equation (2), are used to 
simplify the calculation pi'ocesses: 


■p ^ yz—yz 
^ yz—yi 

(12) 

M= 

(13) 

A=yj-1-MR"‘ 

(14) 

V log M— -log A 

log R 

(15) 


To calculate the amount of available NH 3 in the 2 kilos of soil 
used for the soil-sand mixture, the average yields of treatments 1 , 2 
and 9 are used. Thus, expressing the NHg aplications as units of 
0.500 g. NHg to simplify the calculations. 


xi = 0; yi = 18. 125 
X2 = l: y2 = 33. 875 
X3 = 2; 5-3 = 34.750 


Therefoi’e, 


34.750-33.875 0.875 

33. 875-18. 125'" 15. 750 


= 0.05556 


15.750 _ 15. 750 

1-0. 0556 0. 944444 ~ 


A = 18. 125 + 16. 6765 = 34. 8 



1.22210 — 1.54158 —0.31948 ^ . 

04476-2 -==.-0. 25524=®- "" 



168 THE JOURNAL OP AGRICULTURE OP THE UNIVERSITi^ OP P. B. 


0.2545(0.500 g. NH3)= 0.1272 g. NH3. Therefore, this soil contains 
0-1272 g. NH3 per 2 kilos of soil. 

The ealcnlation of the available amounts of the other nutrients 
is made in a similar way. 

Summary and Conclusions 

A discussion of the principles underlying the applications of 
Mitseherlich h equations to the determination of the nutrient contents 
of a soil and of the objects in view in complying with the requisites 
of the project under which the described studies were done have been 
made. 

The procedure employed in performing a certain pot experiment 
wdth Mitseherlichls pots is described. A detailed interpretation of 
the results of that experiment has been made. 

The procedures used in performing and in the interpretation of 
the yield data obtained from a held experiment implanted on a field 
with the same soil type as was used in the pot experiment have been 
also described. The results of both of these experiments have been 
compared and the conclusions set further on have been derived from 
the results obtained in this comparison. 

Detailed instructions for making the determination of the nutrient 
contents of a soil by a modification of Mitscherlich ’s 4-treatment 
method are presented. 

The following conclusions are derived from the experimental data 
presented : 

1. Mitscherlich ’s special equation for the relation existing be- 
tAveen the initial nutrient concentration of a single nutrient in a 
soil and the yield of a crop there planted is an accurate and simple 
one. 

2. Such an equation may be used to determine with a high preci- 
sion the available amount of any nutrient in a given soil. 

3. Mitscherlich 's general equation relating the yield of a crop 
with the initial concentrations of the three principal nutrients, (ni- 
trogen, phosphoric acid and potash), does not hold. 

4. Mitscherlich/s 4-treatment method, based on the applicability 
of this latter equation, is not accurate under Puerto Eican condi- 
tions for the vegetative period of growTh of a crop, that is, from 
the time of planting to the time of heading. 

5. A modification of Mitscherlich ’s method, including 7 treat- 
ments and based on the applicability of the Mitseherlieh's sxieeial 
equations for variations in the concentrations of each individual 
nutrient respeetively, is described as now used. 
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MEW SOUTH AMERICAN SARCOPHAGIDAE (DIPTERA) 

By Bayid G. Hall, Bureau of Eutoniology and Plant Quarantine, United States 
Department of Agriculture, Washington, D. C. 

Tile following species of Sarcophagidae are described in order to 
make tiie names available for Mr, L, P. Martorell, of the Puerto 
Rican Experiment Station at Rio Piedras, who collected the speci- 
mens. 


Sarcopliaga camura, iie\v species 
Figure 1 

Male , — Head with front narrow, 0.18 of head width; parafacial and para-' 
frontal silvery pollinose, with a slight yellowish tinge, the former bare; frontal 
bristles about eight or nine, the rows not widely diverging below, and descend- 
ing about to the base of the second antennal segment; reelinate fronto-orbital 
bristles absent; ocellar bristles minute, outer vertical bristles not differentiated! 
antenna rather yellowish, third segment nearly three times length of second- 
aud reaching nearly to vibrissae, which are normal and at oral margin; clypeii^ 
long and naiTow; epistoma short and hardly narrowed; arista with long pliuno- 
sity; palpus and proboscis black, both ordinary; bueca shoii, less than one- 
fifth eve height, and with both black and pale yellowish-brown hairs before the 
metaeeplialic suture; back of head with one row of postocular eiliae and with 
pale hairs below. 

Thorax silvery pollinose, with the normal three to five blaek stripes; j)ro- 
pleura bare; anterior aerostiehal bristles absent; anterior dorsocentral bristles 
two; humeral bristles two; posterior dorsocentral bristles three; sternopleural 
bristles two; preseutellar bristles present but reduced; laterally and below with 
long, yellowish-brown hairs; scutellum with three marginal bristles and without 
preapical or apical bristles. 

Abdomen tessellated and with three shifting black stripes; median marginal 
bristles on both second and third visible segments; fourth visible segment with 
a marginal row of about 12 bristles ; laterally and below with long yellowish- 
brown ;hair. 

Hypopygium of normal size; first segment black and heavily grayish polii- 
nose; second segment smaller than first. Mack, with abimdant, long, curling, 
black hairs; genital features as illustrated. 

Wing- hyaline; costal spine absent; third costal section about as long as 
fifth; first and fifth veins bare; third vein with some basal setulae; basi- 
costa yellow. 

Legs black; fore and middle femora distally and below with some long 
yellowish-brown hairs; middle tibia with one anterodorsa I bristle and some vil- 
losity: hind femur and tibia with long villosity.- 
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Female,- — Unknown. 

Type Jocality. — Providencia^ Mai^acaj^ Yeneziiela. 

Type and paratype. — U. S. National Museum No. 52069. . 

Remarks . — -Described from tlie type and one male paratype eol- 
leeted November 13, 1932, by Serres and Martorell. 

The peculiar elongate yellowisli-bro-wn pile or hair on the steriiiini 
and venter in this species approaches the condition found in Sa- 
rothroniyiiiae. This species runs to MeJiria End. in Townsend ’s keys, 
1935, Manual of Myiology, 2^ but is not closely related to Sarcophaga 
..mnioralis Kr., the genotype of Meliria, which is European. I de- 
scribe it iii_the genus Sarcophaga sens, lat. until additional related 
material can be studied. 

Sarcophaga rimosa, new species 

..f ■ 

Figure 2 

Male . — Head 'vvitli front very narrow, only 0.14 of head width; one para- 
frontal only one-third width of frontal stripe; parafrontal and parafacial bright 
golden pollinose, the pollinosity becoming thinner toward vertex; facio-orbital 
bristles present in several rows below, near eye; frontal bristles about 14, the 
rows widely diverging below and extending to about the middle of the second 
antennal segment ; inner vertical bristles present ; vibrissae considerably above 
oral margin and slightly approximated, bucca about one-fourth eye height, with 
only black hair before the metaeephalic suture; back of head w'itli one and a 
partial second row of postocular ciliae. 

Thorax black, with six yellowish, dorsal, longitudinal stripes, two median, 
two postsuturally extending over the postalar callus, and tw’o extending over 
the hiiineri and notopleurae to the postalar callus; a golden pleural stripe ex- 
tending across the propleura, metapleura, and pteropleura; anterior acrostichal 
bristles three; posterior acrostiehal bristles three or four; anterior dorsoeentral 
bristles three; posterior dorsoeentral bristles four; sternopleural bristles three; 
seutellum black with golden pollen, except for a median longitudinal stripe, 
with two marginal bristles, one subapieal bristle, and one apical bristle. 

Abdomen black, tessellated, with four rows of golden pollinose spots, these 
spots not extending to the posterior margins of the segments; third segment 
with median marginal bristles; fourth segment with a marginal row of about 
12 bristles; jSfth sternite reddish-orange, the two arms widely diverging and 
with long, thin hairs along the inner margins. 

Hypopygium of normal size; first segment red; second segment globose, 
smaller than first, red, with long, cnrling, black hairs. Genital features as illus- 
trated. 

Wing hyaline, third costal seetion as long as fifth; third vein with several 
basal setulae. 

Legs black; anterior tibia with one posterior bristle at apical third; mid 
femur with two posterior bristles near apex; mid tibia wdth one anterodorsal 
bristle at apical third; hind tibia without long villosity. 
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. Female. — Unknown. 

'\Tijpe locality. — '‘La Proviiideneia^', Maraeay, Yeiieziiela. 

Type. — U. S. National Museum No, 52071. 

Be marks. — Tills speciea appears to some extent like species of 
Owhrachycoraa Tns., wliicli differ by having three posterior dorso- 
eentral bristles; also like species of Dexosareophaga Tns.y which dif- 
fer by having the hypopygium red and the second segment of the 
abdomen with median marginal bristles. 

Abacantha, new genus 

Male. — Head without parafa.eio-orbital bristles; frontal bristles about seveu, 
the rows hardly divergent below; one procliuate froiito-orbital bristle and one 
reelinate fronto-orbital bristle; outer vertical bristle distinct; third auteimal 
segment fully four times as long as second and reaching almost to the vibrissae, 
which are normal and at the oral margin ; bueea short, less than one-fourth eve 
height. 

Thorax without anterior acrostiehai bristles; posterior dorso-eentral bristles 
two; steniopleiiral bristles three; prescutellar acrostiehai bristles present. 

Abdomen with median marginal bristles on the third segment. 

Wing hyaline; first vein setulose. 

Legs: Mid femur with comb; hind tibia without villosity. 

Genotype. — Ahacanfha zygox, new species. 

Abacantha zygox, new species 
Figure 3 

Male -. — Head with front 0.29 of head width; paraf rentals and parafaeials 
golden pollinose; antenna black; palpus and proboscis black, both ordinary; 
bueea with only black hair before the metaeephalic suture ; back of head with 
two rows of postoeular ciliae, around the middle and below with but pale hair. 

Thorax silverj^-gray pollinoBC, with the normal three to five black stripes; 
scutellum with three marginal bristles and one apical bristle. 

Abdomen tessellated and with three shifting black stripes; fourth segment 
black to apex and with a marginal row of about 12 bristles. Fifth sternite 
Yellow-orange, the inside margins of the two divergent arms covered with soft 
yellowish pile. . 

Ilypopygium with the first segment red, darker at base and without the 
customary row of marginal setae ; second segment red, small, retracted. Genital 
features as illnstrated. 

Wung without costal spine, third costal segment about as long as fifth; 
third vein with some basal setulae. 

Legs black, mid tibia wdth one anterodorsal bristle. 

Type locality. — “La Provideneia^^ Maracay. Venezuela. 

Type and p.aratype. — U. 8. National Museum No. 52072. 
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Beniarks . — Described from the holotype male, collected by Mar- 
torell, and one paratype male collected at San Mateo, Costa Ricay 
by Pablo Scbild, dates nnkno-wn. 

This species appears close to species belonging to NotocJiaefa Aid- 
rich, having but two posterior dorsocentral bristles. The setulose 
first vein is suggestive of MicronotocJiaeta Townsend liut the head 
shape of this genus is different. I have not seen specimens of And- 
ravinm Tns., but this genus lacks the etenidium on the mid femur. 
CatheronycMa Tns. is composed of much smaller species, all of which 
liave three posterior dorsocentral bristles. 

Tripanurga albicans (Wiedemann) 

Figure 4 

Sarcophaga alhicans Wied., 1830, Auss. Zweifl. p. 363. 

Tripmmrga allncmts (Wied.), Br. & Berg. 1891, Zweifl. Kais. Miis. 
p. 363. 

The followdng description is given to supplement the inadequate 
descriptions published heretofore. 

Male, — Head with front 0.3 of head width; paraf rentals and p)arafacials 
silvery- gray pollinose, the latter with a row of facio-orbitals below near eye 5 
frontal bristles about six, the rows slightly converging below and reaching to 
the antennal insertion ; proelinate fronto-orbital bristles one ; reelinate f ronto* 
orbital bristles one; outer vertical bristles present; antenna black, third seg- 
ment at least three times as long as the second and reaching almost to the 
vibrissae, which are normal and at the oral margin; arista! plimiosity normal; 
palpus and proboscis black, both ordinary; biieca one-third the eye height 
and with only black hair before the metaeephalie suture; back of head with 
one defined row of post-ocular ciliae, around the middle and below with some 
pale hair. 

Thorax silvery-gray pollinose and with the normal three to five black 
stripes; anterior acrostichal bristles absent; anterior dorso-central bristles two; 
posterior dorso-central bristles four ; sternopleural bristles two; prescutellar 
acrostiehal bristles present ; scutellnm with two marginal bristles and one pre- 
apical bristle. 

Abdomen tessellated and with three shifting black stripes; median marginal 
bristles on the third segment only; fourth segment with a marginal row of 
about 10 bristles- The posterior part of the abdomen is enlarged and deepened 
for the reception of the large hypopygium. 

Hypopygium with the first segment black, dusted with gray pollen and with 
a niarginal row of about 10 setae ; second segment smaller, black, with whitish 
pollen. Genital features as illustrated. 

Wing hyaline; third costal segment as long as fifth, third vein with several 

setiilae at base; first vein setulose. 

Legs black; middle tibia with two anterodor sal bristles. 
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Female . — 'Witli two procliiiate froiito-orbital bristles and the abdomen of 
normal shape and depth, otherwise as in male except for normal sexual differ- 
ences. 

Beniarlcs , — The type locality of this species is Brazil, and all of 
the previous material I have seen has been Brazilian. It is there- 
fore interesting that Serres and Martorell collected one male and 
one female of the species on November 13, 1932, at “La Providen- 
eia ’^ Maraeay, Venezuela. 



Explanation of Figures 

Pig. 1. — ScireopJiaga camura^ n. sp., Left lateral view of male 
teriniiialia. ' 

Pig. 2. — Sarcophaga rimosci^ ii. sp., Left lateral view of male ter- 
miiialia, and rear view of male penis and forceps. 

Pig, 3. — -Ahacantha zygox^ n. sp., Left lateral view of male ter- 
minalia. 

Fig. 4. — Tripamirga albicans (Wied.). A. — Left lateral view of 
male terminalia, B, — Penis from same view. 





ANTILLEAN ASCALAFHIDAE 


By Nathan Banks 

Museum of Comparative Zoology, Cambridge, Moss. 

Eeeentiy Dr. 6. N. Wolcott of Puerto Rico sent me a pair of a 
small Ascalapliid taken in the southwestern part of the island. This 
has included me to go over the material in the Museum collection, 
to straighten out certain points in Van der Weele's Revision and in 
Prof. R. C. Smith’s paper on the Haitian species. We have here 
the types of Biirnieister ’s senex and of Hagen’s avunculus, 

Burmeister had two specimens, one from Cuba, one from Savan^ 
nail, Georgia ; these are the same species, and I find no differences 
betAveen Cuban and United States material but Avitli greater dif- 
ferences between various specimens in the United States. Thus Van 
der Weele’s subspecdes, hageni, becomes a synonym of senex. 

Vhii der Weele, haAung seen a specimen in the Berlin Museum 
labeled '‘avuneidm'% surmised that it might be a Hagen type, and 
said the antennae were no longer than usual in senex ^ and that Hagen 
liad made a mistake, and put avunculus as a synonym of senex. 
The two types of avunculus are here, both males, and Avith the an- 
tennae over thirty millimeters long, so distinct from senex. Prof. 
Smith listed from Haiti several species, Avhich to me are only speci- 
mens of sancti<lomingi in varying conditions. But one of them is 
so different I shall describe it as new. 

Of the species maeleayana^ that Guilding described from St. Vin- 
eent, I have seen no specimens, and the photogi*a,ph shows little, if 
anything, to separate it from sancti-hiciae Weele. 

The species in the collection can be tabulated as folloAA^s: 


1. Huir oil lower face dark; stigma never dark; large species--. 2 

Hair on lower face white or almost so- — ^ — ____ 


2. In liind wing behind the bend of the first anal the wing is so swollen tliat 
the network of cross veins extends past the bend toward the base of 
wing; four cross veins before radial sector in fore wing — villosiis (ampla) 
In hind wing the network is interrupted behind the bend of the first anal, 
the wing being more narrow; three cross- veins before radial sector in 


, fore \vings--~— — — — — - — _ — — ■ waVcefi 

3. Antennae of male over 30 millimeters long, much longer than wings; 

, femora .a‘s;''wcll ?is tibia very pale——-—’- mumitlus 

.Antennae : of .male, not '30 millimeters long^— 4 

4. Btigma in both wings plainly dark (except in teneral specimens) ; femora 

rather evenly dark; hair on front of mesonotum normally dark .7 


m 
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Stignui ill both wings very pale or yellow; small species 5 

5. Mid and hind femora jiale, but with dark apical band; white liair on 

front of niesonotuni; much white hair in tuft at base of antennae; 

stigma yellow — smMM 

Hair on nies()iiotiim plainly dark, mid and hind femora more evenly dark-- 6 

6. Male ^vitli a dark spot by stigma of fore wing, female with spot in hind 

wing opposita 

Male witliout dark spot in fore wing; vertex a little more narrow hanksi 

7* In fore wings tlie tip slightly more acute; stigma usually covering four 

veinlets, longer than high — — 8 

In fore wings the tip rounded; stigma shorter, usually Mgrer than 

long sancti-dommgi 

8. From Cuba and Bahamas; venation of apical part of wing denser, between 
tlie tliird and fourth branches of the radial sector nine to tw^elve or 

or more cells ^ se7\ex 

From 8t. Lucia ; venation less dense, between the third and fourth branches 
of tlie radial sector eight or less cells sancti-luda 

Jlhilodes villosus Pal. de Beauv. 

Tlie U, ampjla MeLaeli is considered a synonym of this by Van 
cler Weele, aiicl doubtless correctly, as there is prohabl}^ not another 
species so large from San Domingo. The Museum has ten specimens 
from Samana Ba.v. Its large size and tinted wings readily separate 
it from all otlier except U. walkeri. 

Vlulades walkeri Weele 

Separated from IJ. villosus by the narrower wings, especially the 
hind pair, and darker hair on head. In the collection is one speci- 
men from Poey, wliolly pale-winged, and a very dark-winged speci- 
men from tlie coast lielow Pico Turquino, 26 to 30 June (Darlington). 
The ti])s of liind wings are almost black. It was described from 
Jamaica. 

Ululodes senex Burm. 

The two types (both females) are here; I can see no difference 
between them that is not found in greater degree in U. S. and Giiban 
specimens. It is common in Central and Western Cuba. Both male 
and female sometimes have a dark spot near stigma in hind wing; 
in some specimens the whole wing is suffused with yellowish brown. 
In two specimens (Hope, Arkansas and Dallas, Texas) there are 
four cross-veins before radial sector in the front wing of one side; 
in one (San Antonio, Texas) there are four in both front wings and 
tw 0 in each hind wing The hair of the antennal tuft is white in 
front.' 
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Uhilodes avunciihis Hag. 

The two types (botk males) are here; the antennae are over 
30 111111 . long, much longer than wings; both are from Poey,' no 
definite loeality; there is also another Poey male, collected later, and 
ill 1936 Darlington took a male on the south side of Pieo Tiirqiiiiio, 
Orieiite, Cuba, 11 June, at 3 to 5,000 feet. I am not sure of the 
female ; there is a female bearing the same number as Poey ’s third 
speeimen; it is very similar to senex. The species is probably eoii- 
hiied to Eastern Cuba. 

Uhilodes sancH-dormngi Weele 

This species is extremely close to U. senex, and shows the same 
color variations, sometimes a dark cloud in apex of hind wing, some- 
times the whole wing tinted with yellowish brown. About the only 
character to distinguish it is the shorter stigma; the tip of wings 
is more rounded than in senex, but the ditference is slight. 

What Prof. R. C. Smith listed as U. villosus and as U venezolensis 
.are this species; while the form called V subvertens is different and 
I described it as new — U. smifki, 

Ultdodes sanctiducim Weele 

Of this I have but one specimen from St. Liicia. It was described 
from one male from St. Lucia ; had it been from Cuba I think it 
would be pnt with U, senex; the venation is less dense than in senex 
but not strikingly so. 

Ululodes smithi sp, nov. 

Face mostly dark; hair on lower part white, that at base of antennae largely 
white, but dark behind ; hair on pronotum white, on front of niesonotuin also 
white,’ above on mesonotum pale gray. Abdomen (9) pale, with many black 
lines on sides, and above on several segments a median dark line, and on each 
side the elongate triangular mark as usual, with a small spot before it; apical 
segment largely pale, a median black stripe, and on each side a dark spot on 
the hind margin; legs pale, but mid and hind femora darkened toward tip, and 
the tibia within dark, tarsus mostly dark. 

Wings hyaline, veins mostly dark, stigma in both wings plainly yellowish; 
in hind wings of female a dark spot behind stigma. Venation and shape of 
wing much as m sancti-domingif apical field rather evenly three-celled; size of 
mneii-domingLy. 

From Fort-amPrinee, Haiti, 23 Aug. (Smith), Type M.C.Z. No. 23192. 

This was treated by Smith (Hayti Neuroptera) as suhveriem 
Walk, a South American species with broader wings, hardly any 
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white in a.iitenal tuft, etc. A male from the same locality lias the 
antennal tuft darker and darker hair on mesonotuiii, and may be- 
long to' this species. 

tllulodes opposita sp. iiov. 

Face mostly dark, hair oa lower part white, the tuft at base on antenaae 
with a little white in front, but mostly dark; antennae pale, with dark apical 
ring on eaeli joint, tip brown; hair on the pronotum white, that on mesonotuBi 
dark gray to brown; pleura with long white hair. Legs pale, the hind femora 
ratlier evenly brown; abdomen of male dull black, above with a velvety stripe, 
broader in front, on each side of segments two, three, and four, between these 
marks is a median pollinose stripe; hair black, except to%vard base beneath where 
it is white; abdomen of female mostly black, above on second, third, and fourth 
segineiits mostly pale, with, black lines, last segments above mostly black, with a 
pale median line on apical Iialf. 

Wings liyaline; veins mostly dark; stigma, in both wings, pale yellowislp 
over four vemlets, a little longer than high; tips of wings rounded; venatioft 
rather open, apical iiehl with three or four rows of cells; in female a large black 
spot behind and beyond stigma in hind wings; in male with a more roumled 
black 'Spot beyond stigma in the fore wings. 

•Length of fore wing, male, 22 mm., width 6 mm. 

Lengtli of fore wing, female, 23 imii., width 6.8 mm. 

Length of antenna, male 21 mm., of female 22 mm. 

From Cabo Rojo, Puerto Rico, near lighthouse, 4 November. G. N, Wolcott 
and L. P. Martoreil. Type M.C.Z. No. 23193, 

ITnique in the genus in having a black spot in the fore wings. 

IJlulodes banJcsi Weele 

Of this Jamaican species we have but one specimen; Kingston, 
29 Aug, (Darlington). It is very similar to IJ, opposita^ except that 
the male has no black spot in apex of fore wing. It is a little smaller, 
and the wings more narrow. 





EVXE8TA RTIGMAIIAS LOEW, AN OTITID FLY INFESTING 
EAR CORN IN PUERTO RICO 

Bt Bernard A, App, Bureau of Entomology and Plant Quarentine^ U. S. 

Department of Agriculture, 

This paper reports the results of observations made on the otitid 
fiv Euxesta stigmatias Loew in connection with investigations on 
insects attacking corn in Puerto Rico under special funds provided 
to the Bureau of Entomology and Plant Qiiarantine of the U. S. 
Department of Agriculture. The studies were conducted in coopera- 
tion with the Experiment Station of the JJ. S. Department of Agri- 
ciitiilre at Mayagiiez, P. R., where laboratory and other facilities 
were provided for the work. The Isabela Substation of the Agri» 
cultural Experiment Station of the University of Puerto Rico, Rio 
Piedras, also cooperated in supplying plots for some of the experi- 
ments. Acknowledgement is also made of the advice and assistance 
rendered by various members of the Station staff. The observations 
were made from August 1935 to June 1936. 

When these studies w^ere begun, corn ears ’were found infested 
with dipterous maggots, which caused a very unsightly and malodor- 
ous condition, spoiling many ears for market as roasting eai’s. It 
wm at first thought that the high humidity and heat prevailing in 
Puerto Rico had caused the silks to rot and that the maggots ^vere 
feeding on this decaying material. The large number of ears to 
infested, however, seamed to indicate that these maggots were in- 
flicting primary injury to corn. Further examination disclosed many 
wRitish, elongate eggs deposited on fresh silks near the juncture with 
the husks. Some of these eggs, together with maggots from infested 
ears, were taken to the laboratory and reared to maturity on fresh 
corn silks, and were thus found to repesent the same species. Sam- 
ples of both lots were sent to Washington, wd ere they were deter- 
mined as., the otitid fly Euxesfa stigmutms Loew (fig. 1). ■ 

DlsrETBUTION 

This fly seems to be generally distributed throughout the tropical 
part of the Western Hemisphere. Records of the U. S. National 
Museum show it to be reported from the following locations: 
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West Indies: Puerto Rico, Cuba, Dominican Republic, Nassau, 
Virgin Islands. 

Britisli West Indies: Barbados, Dominica, St. Vincent, Jamaica. 

(Central America: Canal Zone, Panama. 

Soiitli America : Brazil, Bolivia, Paraguay, Peru. 

North America : Mexico, Florida. 

According to these records the fly has been taken on sugar- 
cane, guava, corn, Ewgema spp., orange, and the stem of banana. 

Abundance 

No field of corn in the ear stage was examined in which this mag- 
got was not present, and usually infesting a large majority of the 
ears. The percentage of infested ears seems dependent on the stage 
of maturity of the corn. The ears usually become infested when 
tliey are one to two weeks past silking, but as the com matures the 
maggots leave the eai*s to pupate. Table I gives the percentage of 
infested ears in some fields examined throughout the period of ob- 
servation. Field counts were made nearly every month and showed 
the fly to be present at all seasons. 


Table i— PERCENTAGE OF CORN EARS INFESTED WITH MAGGOTS OF EUXESTA 
STIQMAT1A8 IN DIFFERENT FIELDS EXAMINED IN PUERTO RICO 


Date of Examination 

Ijocality 

Infested 

Ears 

Percent 

1935 

September 3 

Isabela 

67.0 

Oc/tober l4 

Isabela 

31.0 

November fi 

Isabela 

28.0 

December 16 

Las Mesas (Alaya- 
gueK) 

Lajas 

30.0 

1930 

January 8 

68.0 

February 3, 

Mayagiler. 

92.9 

May 11 

Isabela 

97.0 

June 1 

Mayagiiez 

96.0 

June 5 

Isabela 

92.0 


1 


Damage 

There is little exterior evidence of the infestation, as the silks 
usually dry in the normal manner. Examination of an infested ear 
reveals that inside the husks, from the tip where the eggs hatched, 
the silks are rotted down to the grain. The kernels on the tip of 
the ear are only hollow shells, the maggot having consumed their 
entire contents. The maggots work between the rows of grain near 
the cob, they enter the kernal at the bottom, consuming its contents 
and leaving a hollow shell, and then attack the next kernel. In most 
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cases only a few kernels at the tip are destroyed, but many ears were 
infested with maggots in their entire length. Frequently maggots 
were working in the pith of the ear, which resulted in a stunted, soft 
ear bearing grain of little value, %vhen any %vas produced. In field 
corn most of the maggots had pupated by the time it w^as ready to 
harvest. A mold seems to follow the feeding of these maggots, 
making it impossible to leave seed ears in the field until fully 
mature. Perhaps the greatest damage caused by this insect is the 
reduction of the market value of roasting ears by the iiiisiglitly 
and malodorous condition imparted to them. 

Life History and Description of Stages 

Eggs . — The minute, elongate, whitish eggs (fig. 2) are laid just 
below the tips of the husks, and usually in strings fastened end to 
end. During oviposition the female stands on the ear and curves 
her ovipositor down below the tip of the busk. Some eggs are laid 
as soon as the silks appear, and as the silks grow out the eggs are 
pushed out with them and remain attached to them. More often, 
however, the eggs are laid after the silks have grown out, and they 
remain just below the tip of the hmk until they hatch. Of 200 
plants examined during December 1935, 191 were observed to produce 
silk, and of this number 189, or 98.9 percent, were infested with 
eggs of this otitid. On this group of plants the silks became infested 
with eggs on an average of 1.12 days after they appeared. The num- 
ber of eggs laid on one ear ranged from a few dozen to several 
hundred. Some of the eggs are lost as the', silks grow out, but six 
ears brought into the laboratory were found to contain 558, 685, 47, 
146, 431, and 248 eggs, respectively, or an average of 352.5 eggs 
per ear. The length of the egg stage is from tw^o to four days. In 
the fall of 1935 a sample of eggs began liatching on the second day 
after deposition and completed hatching by the fourth day. On 
June 18, 1936, some eggs laid the previous day were brought into 
the laboratory, where they began hatching on June 21 and completed 
hatching'' by, June ' 22. ■ 

Luri7(ia— The larvae are also minute and white in color, with 
darker spiraeles and mouth parts. They begin feeding on the fresh 
Silks and work down to the developing grain. When full grown 
(fig. 3), they are about three-eighths of an inch long. One ear may 
contain a few lo several hundred maggots. Five ears brought into 
the laboratory were found to contain 545, 113, 108, 106, and 199 
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•larvae, respectively, or an average of 214.2 per ear. Of 200 plants 
esamiiiecl. daily in tlie fall of 1935, 191 were observed to, silk and 
1S8, or 98.0 pereeiit, because infested. Tbe average iengtli of the 
.larv'al stage, based on to samples, was 7.46 days (table 2). , 

■ The, Pupae , — The pupal stage of the fly is passed in a small, 
brown piipariiim about one-eighth of an inch in length (fig. 4). In 
the early stages it is light brown in color , but a it grows older it 
eliaiiges to a dark brown. Before pupation the maggots leave their 
.feeding places and nii.grate to drier locations. In the laboratory the}" 
readily pupated in moist sand, into which they burrowed to the 
depth of about oiie-foiirth of a.n inch. Some piiparia were found on 
the. tij>s of the ears among the dry silks, but as only a few were 
found it is |:)robable that most of the maggots pupate in the soil. 

■ The average lengt,li of the pupal stage was 7.38 days, on tlie basis 
of ten samples reared to maturity. 


Table 2--DURA.TiON OF LARVAL AND PUPAL STAGES OF EUXESTA STlMATIASt 

MAYAGUEZ, P. R., 1935-36 


Sami'jle 

Larval stage 

Pupal stage 

Individuals 

Mean 

duration 

In,diviciu.als 

Mean 

duration 

Number 

Bays 

Number 

Days 


19 


1'9 

7.74 


7 

7.00 


7.14 


S 

7.W 

7 

7.64 

■ 4 ■ , . 

12 

6.. 58 

12 

8.09 


13 

7, .31 

11 

7.14 

.. 6 ; 

13 

7.46 

i . 10 

7.74 


17 

9.m 

12 

6.52. 


15 

7.m 

13 

7A0 

i'i . . . 

IS 

7.33 

11 

7.12 


s 

7.88 

5 

6.92 

Total or averaiie 

130 

7.46 

107 

7.38 


Adults . — The .adult is a small hy of a dark metallic green color 
with reddish eyes and vriiigs. banded with black (fi.g. 1). The wings 
are coiistaiitly i.n motion even when the insect is otherwise at rast. 
The adults are very abundant in eornfieids, where they seem to 
cluster about the parts of the plant that are likely to,, be , moist, 
such as the tassel and the silks. They were observed ovipositing on 
the larvas of young conn, but . no .larvae' seemed to come from 
iliese eggs.. As many as ..five.' females .have been .observed ov-ipositing 
.01.1 the .same ear at the same time...' 
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Control 

No attempt was made to control tlie larvae of this insect in the 
investigations carried on in Puerto Bieo in 1935 and 1936. The 
protected location of the eggs and the habits of the voiiiig maggots 
in entering the ears after hatching would make control rather dif- 
heuit. However, some of the experimental control measures used 
against the corn ear worm iHeliothis ohsrAeta F.) were found to 
reduce the number of ears infested with Euxesfa maggots. The 
results are shown in table 3. 

Because most of the eggs are laid below the tips of the husks and 
the maggots feed inside the husks, ji^tsoning with insectieicles was 
cliiSciilt. All the inseeiieides tested, Iiowever, reduced the infesta- 
tion in some degree, and they all gave better results in the tests 
eompleted in June tiiaii in those completed in February. This is, 
no doubt, due to the fact that the fall applications of dust to the 
silks were delayed until approximately 50 percent of plants had 
siikj W'hereas the spiring applications were begun soon after the 
first silk was observed and eontinned until silks were dry. 

Several hand methods of control also reduced ihe number of in- 
fested ears. Cutting the silks and squeezing the tips of the ears 
liad little effect on the larvae. When the silks were cut the field 
deposited numerous eggs on tlie cut tips. Those methods that cov- 
ered the ear or constricted the husk gave better results than other 
methods. A paper tip consisted of a piece of brown wrapping paper 
rolled around the tip of the ear and tied securely with string. These 
tips were applied soon after the plants silked. The wires, hog rings, 
and strings were also applied as soon as possible without interfering 
with pollmation. The effect of wires and hog rings was about the 
same as that of the paper tips, but the strings gave poorer results. 
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Summary 

Tie otitM iy Emxesta stigmatms Loew is a serious pest of corUy 
espmallj roasting ears for market purposes, in Puerto Rieo. The 
maggots lia¥e been observed in all sections of the island and at all 
seasons the year. The pest at present seems to be restricted to 
a trapieal habitat, iso far as collection records of this insect are known. 
In most fields examined a large percentage of the ears were infested, 
and many entire ears were destroyed. Under laboratory conditions 
the fly was reared from egg to adult in as few as 18 days ; so there 
are many generations during a year. 

Although no special studies were made on control, in some ex- 
periments in control of the corn ear worm there was a reduction in 
the number of ears infested with maggots of Euxesta stigmatias^ 
which suggests that some of these measures may also be useful in 
eontroffing this pest. 



Explanation of Plates 


Fig. 1. — Adult of Euxesta stigmatias Loew, tli-e larvae of whicii 
cause damage to roasting ears in Puerto Rieo. 

Pig, 2. — Egg of Euxesta stigmatias. 

Pig. 3 A. — ^Larva of Euxesta stigmatias, lateral view. B — Pos- 
terior view. C — Posterior spiracle. D — Anterior spiracle, 

pig. 4 A. — Piipariiim of Euxesta stigmatias, lateral view. B — 
Posterior view. G — Posterior spiracle. D — Anterior spiracle. 





DESCRIPTION AND BIOLOGIC NOTES ON A TIPHIA 
(HYMENOPTERA: SCOLIIDAE) FROM HAITI 

By George N. Wolcott, Entomologist, 

Agricultural Experiment Station, Eio Piedras, P. E. 

The normal scarcity of white gTiibs in eultivated fields in Haiti 
seemed most remarkable to one accustomed to their former great 
abundance in Puerto Eico. To be sure, the introduction of the giant 
Surinam toad, Bttfo marinm L., into Puerto Rico from Barbados 
and Jamaica, and its rapid increase in numbers, largely feeding 
on May beetles (which are the adults of white grubs), has recently 
so greatly reduced the numbers of white grubs to be found in the 
cane fields of Puerto Iliean lowlands (3) that conditions in the two 
countries now appear substantially similar. But until a few months 
ago, no introduced Surinam toad was present in Haiti, and the native 
toad of Haiti, Biifo f/wtturosus Latreille, was no more noticeably 
abundant than the comparable native toad of Puerto Rico, Bufo 
lemur Cope. The little burrowing owl, Speyatyto cunicularia tro- 
glodytes Wetmore & Swales, quite abundant in Hispaniola, but not 
present in Puerto Rico, may be a considerable factor in reducing 
the number of May beetles, altho the only stomach contents record 
gives no indication that the owl eats this particular kind of beetle 
(2). Indeed, the most obvious factor in white grub control in Haiti 
is the abundance of the paravsitie wasps belonging to the genus 
Tiphia, 

III all the years that numerous entomologists have been collecting 
insects since the time of Stahl and Gundlach, only four specimens 
of Tiphia, all of which now repose in the IJ. S. National Museum, 
have been collected in Puerto Rico. In Haiti, on the contrary, 
several individual collections of adults of both sexes were made by 
the writer from time to time at various localities in the lawlands, 
and the number to be seen at Kenseoff the first time it was visited 
was so large that the actual number of specimens collected can 
hardly give a correct impression of the abundance of Sub- 

sequent visits only served to confirm this preliminary observation of 
its abundance in the mountains of Haiti. While the wasps occur 
on various plants, and feeding at various flowers, they greatly prefer 
those of the wild parsnip, Pastinam sativa L., or the minute droplets 
of honey dew to be found on sooty mold blaekened leaves of guava 
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buslies infested with the green scale, Coccus vmdis Green, They 
are to be noted feeding only in the bright sunshine, and appear to 
be more abundant and larger in size at the higher altitudes, specifi- 
cally at Kenseoff (elevation 1,450 meters) up to the pass on the 
old trail lo Furey. The records of former eolleetions, copied from 
specimens and the accession cards of the Division of Entomology at 
Damien, are as follows*. 


FEMALES 


Haiti 

Acc. 

No. 

Locality 

Date 

Host 

Collector 

Number 

of 

Specimens 

58-27 . 

Mt. Piiilsboreaii 

May 28, 1927 

W'ild carrot. . . 

GNW 

1 



Nov. 10, 1927 


GNW 

1 



Nov. 23, 1927 


GNW 

2 


Kenseoff 

Jan. 5, 1928 

Pastinaca 

GNW 

1 


Kenseoff 

May 10, 1927 

Cabbage 

E. Dueasse. . . 

1 

174-28... 

Kenseoff 

March 14, 1928.... 


E. Dueasse. . . 

2 


JVtirebalais 

Aug. 9, 1928 


R. 0. Smith., 

2 

118-33... 

Morne La Selle 

Sept, 1933 


A. Audant 

1 

74-34 ... 

Morne La Selle 

June, 1934 


A, Audant. . , , 

1 



MALES 





Mt. Puilsboreau i 

Nov, 9, 1927 

Guava ' 

GNW 1 

1 


Le Trou 

Nov. 10, 1927 

Guava 

GNW 1 

1 

59-27.... 

Kenseoff 

April, 1927 

Pastinaca 

GNW 1 

1 

Kenseoff 

Nov. 23, 1927 

Pastinaca 

GNW ! 

17 

5-28 

Port-au-Prince 

Jan. 12, 1928 


GNW 

1 

171-28... 

Kenseoff 

March 14, 1928.... 

Clerodendron, . 

E. Dueasse... . 

4 


Kenseoff 

April 4 & 26, 1927.. 

Beans 

E. Dueasse. ... 

11 

59-28.... 

Port-au-Prince 

May, 1928 


A. Audant. ... 

2 


Mirebalais 

August 9, 1928 


R. C. Smith.. 

1 


Hinche 

August 30, 1930. . . 


H. L. Dozier. . 

1 


Kenseoff 

August 24, 1930, . . 


H. L. Dozier. , 

4 

104-33... 

Morne La Selle 

Sept., 1933 


A. Audant .... 

2 

74-34.... 

Morne La Selle 

i June, 1934 

1 ■ 

i 

A. Audant 

1 


A study of the specimens remaining in the collection at Damien, 
together with fresh material collected at Kenseoff in December 1937, 
indicates that all represent but a single species, for which the name 
Mspaniolae is proposed. This species may be characterized as fol- 
lows:'. ' 

Tiphia hispaniolae sp. nov. 

Female . — Entirely black, polisbed, length 15 mm.; head, basal segmeiit of 
antenna, anterior dorsal pronotum, scutum, legs and posterior margins of 
abdominal segments with long silvery liairs. Head, coarsely but unevenly 
punctate, as is also anterior pronotum, with a line of deep punctures almost 
coalescing to form a deep transverse groove with posteriorly pointing hairs, 
posterior and lateral pronotum polished and impunetate. Notauli of ^scutum 
ending in deep punctures before base, no antero-medial groove, scutum coarsely 
but sparingly punctate. Preapical groove on posterior aspect of mesepistenmm. 
Prepodeal areola almost twice as long^ as broad, anterior lateral margins slig])tly 
curved outwards, posteriorly straight and parallel, median carina not reach, ing 
apex. Median carina of posterior aspect extending nearly to apex. W'ings 
translucent black, lighter in marginal and radial cells, with transparent lines 
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paralleling* tlie opaque black veins to outer margin. Second intercubital vein 
somewhat sinuous, joining the radius in a broadly rounded angle. Cubital mark 
present in large individuals, only at marginal vein in smaller specimens. Hind 
basitarus not grooved, major calcarium of hind tibia only ’slightly wider towards 
middle than at base. First tergite of abdomen with very deep preapical groove, 
all tergites. anteriorly lightly punctured, postmedially almost impunctate, a 
transverse row of punctures near apex, Pygidium deeply impuctate only on 
basal half. 

Described from 33 specimens, Haiti & Puerto Rico Ace. No. 
133-37, collected between Kenscoff and Fnrcy, Haiti, elevation about 
1,700 meters, December 5, 1937 by George N. Woleott. 

Male. — ^Black, polished, length 9 mm,, punctures and pubescence much finer 
than in female, in this respect quite unlike Tiphia argentipes of Cuba, which 
Cresson (1) describes as ^^niore slender and hairy (than the female),* the punc- 
tures of the mesothorax and abdomen deeper and closer.’^ Eadial cell greatly 
exceeding second cubital, basal half and apical margin of forewing hyaline, 
elsewhere fuscous, basal third only not pubsecent, veins black. No denticle on 
fifth sternite of abdomen. First tergite with deep preapical groove and carina, 
also a prominent median transverse carina. Cresson mentions no such median 
Carina, in his description of argentipes; Miss Sandliouse states that it does not 
occur in the Puerto Eican males ; it does not appear on a single male collected at 
Santiago, Eepublica Dominicana, by S. del Eoaario on March 26, 1936, and now 
in the collection of the College of Agriculture at Mayagiiez, P. E., loaned to me 
for study by Dr. Stuart T. Banforth; therefore this character appears to be 
distinctive for the males of this species, separating it from others of the Greater 
Antilles. 

Described from a single specimen (TYPE) out of 5 examples, 
Haiti & Puerto Rico Ace. No. 136-37, collected at Kenscoff, Haiti, 
December 13, 1937 by George N. Wolcott, compared with 12 ex- 
amples, Haiti Acc. No. 59-27, collected at Kenscoff, November 23, 
1927 by George N. Wolcott. Type and accompanying females for 
the U. S. National Museum, others for the British Museum, the bulk 
of the material in the collection at the Agricultural Experiment 
Station at Rio Piedras, P. R. and at Damien, Haiti. 

The May beetles of Haiti vary tremenduously in size (4); and 
no information is available as to which of these several species of 
white grub is attacked by Tiphia Mspaniolae, It is possible, how- 
ever, that despite the selectivity displayed by continental species of 
KpMa, different instars of approximately the same size of most or 
all of the grubs of Haiti are attacked by the females of the single 
species of Kp/fcm found there. If the Haitian Tiphia is in fact so 
iinselective in its attack on white grubs, presumably it would attack 
other species of white grubs in an environment similar to that of 
Haiti. This would make it a most valuable addition to the fauna 
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of Puerto Rico, more especially at the higher altitudes where it 
thrives, but where Bufo marimis does not and is thus of so little 
value in white grub control. 
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THE INTRODUCTION INTO PUERTO RICO OF LABBA AME- 
RICANA SAUSSURE, A SPECIFIC PARASITE OF THE 
^^CHANGA^’, OR PUERTO RICAN MOLE-CRICKET, 
SCAPTEBI8CU8 VICINUS SCUDDER 

By George N, Wolcoto, Entomologist^ 

Agricultural Experiment Station, Mio Eiedras, P. P. 

For many years young tobacco plants in Puerto Rico have suf- 
fered from the attack of an insect called by the growers the ‘‘changa’’. 
Its scientific name is Scapieriscus vicinus Scudder, and, altho it is 
not a native insect, but, merely due to the fact that it appears to be 
more abundant and to cause more damage in Puerto Rico, it has 
ordinarily been known elsewhere as the Puerto Rican mole-cricket, 
(fig. 1.) 

The changa occurs mostly in light sandy soils, thru which it can 
readily burrow with its powerful shovel-shaped front legs. During 
dry weather it remains at considerable depths in the soil, but during 
wet weather it comes up, making mole-like burrows just below the 
surface, feeding on the tender centers of the stalks of whatever 
plants may happen to be there. It does not confine its attack 
to tobacco ; it merely happens that the best tobacco soils are also 
the light sandy soils best adapted to the chaiiga. When such soils 
are planted to sugar-cane, the changa attacks the young cane shoot 
quite as readily, and the presence of the changa makes vegetable 
growing practically impossible in many localities where otherwise it 
might be a profitable practise. 

The changa can be, and is, artificially controlled. Many years 
ago tobacco growers learned that by wrapping each young trans- 
planted tobacco plant in a broad, tough leaf of the inamey tree, 
Mmnmea wmericma L., it would be protected against attack by the 
mole-cricket until it had grown sufficiently large and tough to be 
no longer subject to injury.' Gane-growers learned that, instead of 
placing the cane ''seed’^ piec® horizontally in the ground and lightly 
burying it, if stuck in at an angle, roots would start from the lower 
end deep in the soil, and the upper eyes would send out shoots above, 
the surface of the soil, out of reach of the attack of the changa. 
Some vegetables can be protected by the method used for young 
tobaeeo plants ; others can not be grown in changa soils, and 
their ciiltivation is no longer there. It should be es- 

1.93 
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PIG. 1. The “Changa”, or Fnerto Bicaa Mote- 

Cricket, Scapteriscus vicinus Scudlder, dorisal 
aspect. Sik times natural size, 

(Brawn by F. Sefn.) 
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pecially noted, however, that these methods of preventing changa 
injury do not kill the pest^ or even tend to reduce its numbers; they 
merely protect individual plants from attack at that time, and must 
he repeated for each succeeding crop. Indeed, while reasonably well 
adapted to small scale cultivation in some tobacco regions, they 
quickly tend to exhaust all possible supplies of fresh mamey leaves 
for rapidly expanding, large scale plantation production. 

A positive method for destroying the changa (2 and 6), consists 
in the application around each tobacco plant, as set out in the 
field, of a ring of wheat flour and Paris green, the mixture con- 
taining twenty to fifty times as much bait as poison. This poison 
bait is also applicable for other crops, when distributed as lumps 
in the prepared field before the crop is planted. The wheat flour 
proves to be more attractive to the insect than any green vegeta- 
tion, and is promptly eaten in such quantities that the admixed poison 
causes death. Because of its effiectiveness in ensuring an even 
stand of tobacco, and despite the very considerable expense involved, 
this method is in extensive use in Puerto Eico at the present time. 
No other method suggested even approaches it in value. Manu- 
facturers of aluminum foil suggested that their product might prove 
more desirable than mamey leaves, but the changa promptly burrows 
thru any thickness of foil which can be readily wrapped around the 
roots of a seedling, and also, the foil does not rot and naturally 
disappear, as do the mamey leaves, when the tougher and older 
tobacco plant no longer needs protection. Nor do suggested improve- 
ments in the Paris green-flour mixture appear to be applicable in 
Puerto Eico, where the original formula is still universally used. 
Indeed, the sole objections to its use are on the basis of cost and 
trouble of application. 

Naturally, the control of the changa by natural means has re- 
peatedly been suggested, but the birds which are large enough to 
be effective (10), are scarce or non-existent in the thickly settled re- 
gions where tobacco is grown. The large ground lizard, Ameiva 
Cope, whieh also feeds on the changa (14), is almost equally 
scarce where its presence would be of economic value. Much was 
expected of the giant Surinam toad, for the changa is more or less 
eomparable in size, terrestrial habits and clumsiness to the May 
.beetle, yet at the time when the toad was most abundant and was 
most eifeetive in rapidly reducing the numbers of the May beetle, 
the changa formed but an insignifieant fraction (only 2.4 per cent) 
of its food (7), and the proportion has not since been increased (15). 
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The seareily, or eomparative inefficiency in the control of the 
clianga, of all of these larger predators does not by any means 
eliminate all possibilities of natural control. The search abroad for 
a specitic insect parasitic only on Puerto Eican white grubs was 
fundamentally hopeless because the local species are endemic and 
present nowhere else. But the Puerto Eican mole-cricket is iin- 
fiiiestionably an intro ducted insect, as many of the older tobacco 
growers could remember a time when it was not present to trouble 
them. Tradition indicates its appearance after the distribution of 
a shipment of Peruvian guano followed b}^ the destruction by hur- 
ricane of most of the large birds which might have consumed these 
first few introduced individuals. It is not mentioned by Ledru (8)r 
and Busck (3) notes that Dr. Augustin Stahl, the first Puerto Eican 
naturalist, told him that ^dt was a comparatively new insect in Porto 
Eieo, having been introduced within his recollection.’^ Its subse- 
quent abundance in Puerto Rico unquestionably indicates that it has* 
here escaped from its effective natural enemies, and that a search 
for them abroad might furnish the key to its control in Puerto Eico. 

The establishment of the Board of CommissionervS of Agriculture 
in 1911 made possible the first attempt at such a search. Mr. Patrico 
Gardm, recently graduated from Massaehussets Agricultural Col- 
lege and promptly appointed Entomologist at the Experiment Sta- 
tion at Santiago de las Vegas, Cuba, had indeed reported such a 
speeifie parasite (4), and the writer, at that time employed by the 
Board in the collection "and shipment of parasites of white grubs,, 
was sent to Cuba to investigate. The sole basis for Cardin’s state- 
ment was a single cocoon which he had picked up in a field being 
plowed, from which the wasp had emerged, but in the silken 

network of threads on the outside of which was still entangled what 
he supposed to be the skeletal remains of a changa. A more critical 
examination indicated that what he supposed to be the burrowing 
forelegs of a changa were in fact the jaw’-s of a wliite grub. 

To more securely establish the actual oeeuiTence of the mole- 
ericket in Cuba, previously recorded by Cook (5) as being present 
at Santiago de las Vegas, but of which no specimens remained in 
the collection, Cardin organized an expedition from the tobacco 
center of San Juan y Martinez on one of the holidays when he was 
free to be absent from his office in the Experiment Station. The 
imposing cavalcade, starting long before daybreak, sent out several 
messengers explaining the object of our search, but it was not xintil 
nearly noon, as we were feasting on roast pork and other native 
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dislies in the shade of a clump of royal palms grouped around a 
spring, that we were interrupted an excited and shouting rider 
bearing a single but unquestionable mole-cricket. Somewhat crest- 
fallen at the reward of a $5 bill, he was only partially satisfied when 
assured that this was the equivalent of the solid silver dollars which 
he had anticipated. What became of this dearly obtained specimen 
is uncertain, for it has not recently been found in the collections in 
Cuba, Puerto Rico or at Washington. The difficulty of obtaining it, 
however, coupled wdth the youthfulness and inexperience of the 
writer, precluded the further prosecution of a search for its possible 
parasite at that time. 

The erroneousness of Cardin’s original observation should not 
obscure the fact that true parasites of mole-crickets do occur in va- 
rious parts of the 'world. Possibly the best known is Larra luzon- 
ensis Rohwer, vvbich was discovered in 1917 in the Philippine Is- 
lands by Mr. F. X. Williams of the Hawaiian Sugar Producers’ 
Association Experiment Station when he was searching for a para- 
site of Gryllotalpa africana P. B. (11). This mole-cricket, acci- 
dentally introduced into Hawaii, wms a serious pest of sugar-cane 
there until Mr. C. E. Pemberton brought cocoons of the wasp from 
the Philippines to Hawmii, and reared and successfully established 
the parasite there (12). Each parasite of each species of mole- 
cricket is specific for that kind of mole-cricket only, thus at once 
indicating the uselessness of attempting the introduction into Puerto 
Rico for the control of the changa of the wasp which has been so 
effective in the control of the mole-cricket in Hawaii. Not only 
are they different species, the two mole-crickets are in different 
genera, and hopelessly unlike from the standpoint of their parasites. 

The logical place to commence the search foi‘ a desired parasite 
is in a country with a similar climate, where the identical host is 
known to be present, but, presumably due to its parasite, not abun- 
dant. In every way, Caiba appeared to be the most desirable place 
for eomniencing a search for a parasite of Scapierisom vicinus:Bmd-\ 
der, the changa” of Puerto Rico. As tentative plans were being 
made however, the Entomologist at present at the Experiment Station 
at Santiago de las Vegas, Mr. S. C. Bruner, sent word that a recent 
determination of all the mole-cricket specimens in the Station coh 
lection by Mr. J, A, G. Rebn, of the Philadelphia Academy of Natural 
Sciences, the recognized specialist in this group, showed them to be 
GryUotalpa hexadactyla Perty (fig. 2), and that the Puerto Rican 
changa apparently did not occur in Cuba (9). There is no record of a 
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mole-cricket in Jamaica, and those from Hispaniola were open to doubt. 
Concerning the Lesser Antilles little definite information was avail- 
able, but in Trinidad the writer had collected a number of speci- 
mens in 1912, which were still present in the collection at Eio Pie- 
dras, and were unquestionably the same as the Puerto Kican species. 
At the time of their collection, various persons in Trinidad were 
questioned as to the status of the insect, but they knew it only 
from its injury to cricket fields, and not as a pest to agriculture. 

Due to the close proximity of Trinidad to the continent of South 
America, it w^as to be supposed that any continental parasite of 
the mole-cricket would also be present there, and indeed, the presence 
of a parasite might be inferred from the supposed scarcity of the 
host. Furthermore, Trinidad is now so close to Puerto Rico by 
airplane that the problem of transporting the inferred parasite would 
be correspondingly simple. 

The month of January 1936 was spent by the writer in Trinidad, 
where, thru the courtesy of Sir Geoffrey Evans, Principal of the 
Imperial College of Tropical Agriculture at St. Augustine, head- 
quarters for the investigation were maintained at the College. No 
wasp which might be presumed to be a parasite of Scapieriscus vU 
cinus was collected at this time in any part of the Island, all parts 
of which were explored, nor was any changa with indication of 
parasitism noted either at light or in fields being plowed. Indeed, 
the whole theory of the scarcity of the changa in Trinidad was found 
to be a misconception. Much of the Island is in virgin forest, or 
artificial forest of cacao, coffee and grapefruit trees. Furthermore, 
most of the area under cultivation to sugar-cane is heavy clay soil, 
entirely unsuited to the mole-cricket. But in the sandy open areas, 
such as the Savannah at Port-of-Spain, the campus and farm of the 
Imperial College, and Orange Grove Estate (in sugar-cane), the 
changa is in general more abundant than in Puerto Rico. And, 
judging by conditions observed about the lights on the campus, the 
Surinam toad is even less effective than in Puerto Rico in redncing 
its numb ex’S. 

By a most fortunate combination of cireumstanees, however, the 
time spent in Trinidad was productive in indicating where the para- 
site was to be found and how it might be collected. Mr. A. M. 
Adamson, formerly of Hawaii and at present Reader in Entomology 
at the College, possessed a copy of a paper by Mr, F. X. Williams 
(13) detailing his earliest searches for a parasite of tlie Hawaiian 
mole-cricket, in whicli an extended account, with beautiful ilkistra- 
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tionSj was given of liis finding Larra mnericmia Saussiire, a parasite 
of Seapieriscus didactylus (Latreille)= Seudder, in abiiii- 

danee at Belem, Para, Brazil. Mr. Alan Pickles, Entomologist for 
tiie Department of Agriculture of Trinidad and Tobago, stationed at 
tlie College, had spent some weeks at Belem only a year or two be- 
fore, and was of invaluable assistance in furnishing information 
about this part of Brazil, and more particularly, a letter of introduc- 
tion to Dr, Gr. Hagemann, Zoologist of the Museu Paraense Emilio 
Goeldi at Belem. 

The official restrictions on the activities of foreign scientists 
(presumably directed primarily against pseudo-scientists and slip- 
pery crooks engaged in expeditions Exploring for Profit in 
Brazil at the present time are most strict, but due to Dr. Hagemann 's 
efforts, an official iDermit to conduct investigations and to ship the 
parasites was promptly obtained. It should not be imagined, be- 
cause of the reluctant and jittery attitude of official Brazil towards 
foreign scientists, that this in any way reflects the actual sentiments 
of individuals, or at least of those met by the writer during his 
stays in Belem. From the manager of the local airport of Pan 
American Airways, Mr. Alberto Soares, and liis assistant, Mr. Mario 
Pereira da Rocha, and the manager of Hotel Grande, Mr. Julio 
Lima Lages, all three of whom were of invaluable assistance, to the 
casual passer-by intent on disposing of a snake around his neck, or 
a turtle on his head, or birds in cages, or numerous scliool-childreu 
volunteering to aid in eatehing ^-borboletas’V was uni- 

formly most cordial and helpful. 

Belem is now only a day ^s hop by airplane from Trinidad. Early 
on the first morning after arrival, on the outskirts of the city, along 
the railroad right-of-wmy reached by the earline marked/^ Souza 
females of Larra aniericana were seen exploring changa tunnels in 
search of their host. A little later in the day, they began to fre- 
quent the flowers of Borreria verticillata Meyer (as determined by 
Mr. eTose I. Otero, of the Agricultural Experiment Station at Rio 
Piedras), a plant which is common everywhere in Puerto Rico where 
the changa oecurs. It is also so very abundant in Trinidad that the 
most extensive collections of the larger Hymenoptera w^ere made 
from its flowers, but included no specimen of Larra. Borreria oeexirs 
mostly in fields being fallowed, in waste areas, in dry, unpastured 
meadow’'s, and especially along railroad tracks, where, being least 
disturbed, it often growi^i in clumps as high as one ’s waist or shoulder. 
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In Belem indeed, it is only along the right-of-way of the railroad to 
Braganza that so many such large clusters are to be found that con- 
siderable numbers of Larrid wasps can be collected in a short time. 

' Mr. Williams had so meticulously recorded his observations in 
Belem that the wasps could be at once recognized: entirely black 
except for golden pubescence and bright chestnut red abdomen (fig 3). 
The field identification by the writer has since been confirmed by Miss 
Grace A. Sandhouse, from a large number of specimens sent to the 
U. S. National Museum, of which 85 were Larm americana (Sauss.), 
1 Larra altamazonica Williams and 1 Larra pacijica Williams. He 
did not especially remark on how very quick and active they are when 
not on the ground, or how extremely wary and difficult to catch in 
the net when feeding at Borreria flowers, this being reserved for the 
writer to discover. He did note, however, that they died wfiiiin 
a day or two in captivity, thus the problem of getting them alive to 
Puerto Rico appeared correspondingly difficult. A trial sending to 
Trinidad, however, showed that a few at least might survive the 
trip, and rwo weeks later the writer was en route back to Puerto 
Rico, accompanied by a Wardian cage of local manufaeturei, in the 
moist sand at the bottom of which had been thrust the cut ends of 
Borreria flowrer stalks, to provide nectar for the 78 wasps of Larra 
americana which it contained. Leaving Belem early in the morning 
at the time, one could at the earliest expect to be in San Juan by 
late the next afternoon. Mr. Francisco Sein, Assistant Entomologist, 
had managed, with the greatest difficulty, to collect 21 live changas 
to expose to the tender mercies of the expected parasites— actually 
only a fraction of a day’s supply for the 25 wasps which survived 
the trip. It seemed much wiser to release the wasps immediately 
near Punta Las Marias, and hope that they could find a more abun- 
dant supply of food for their progeny than could be obtained by 
our activities. Released towards the begimiing of a drought that 
lasted for three months longer, this was doubtless a vain hope, but 
at that time the vital importance in the Wasp ’s economy of daily 
rains could hardly have been surmised. Even if this particular release 
did not result in the establishment of the parasite of the changa, the 
trip had at least shown where the parasite might be obtained in 
numhers, and, with the rapid transportation now possible by air- 
plane, that some wasps -would survive the trip for release in Puerto 
Rico. Apparently nothing more was lacking for a successful in- 
trodiietion than the opportunity to apply on a larger scale the in- 
formation already obtained. Actually, to, get so many wasps alive 
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FIG. 3. Adult female wasp of Larra Saussure, five times natural 

size. (Drawn by F. Sem.) 
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t& Puerto: Eico at oBe- time, and at the first attempt, was a most 
astomidlBg hit of Inch, altho in I'eality a misfortune because it gave 
no. indication of the 'difficulties to be experienced later in attempting 

its. duplkatim. 

Beiem is^ by no means as far south of the Equator as San Juan 
is nortln but for these two localities the time of occurrence of the 
wet and dry seasons is reversed. The daily rain in the wet season 
at Beleniy or at least at the beginning and towards the end of the 
w^et season there, was admirably described in 1848 by Mr. H, W. 
Bates ill his “The Naturalist on the Eiver Amazons'', 

‘ ‘ On "mmt days in June and July a heavy shower would fall at some time 
in the afternoon, producing a most welcome coolness. The approach of the 
rain-cloufls was after a uniform fashion very interesting to observe. First, the 
cool sea-breeaie, which commenced to blow about ten o'clock, and which had 
increased in i#ice with the increasing power of the sun, would flag and Anally 
die away. The heat and electric tension of the atmosphere would then become- 
almost ijasupportabie. Languor and uneasiness would seize on every one; even 
the denizens of the forest betraying it by their motions. White clouds would 
appear in the east and gather into cumuli, with an increasing blackness along 
their lower p<wtions. The whole eastern horizon would become almost suddenly 
black, and this would spread upwards, the sun at length becoming obscured.- 
Then, the rush of a mighty wind is heard through the forest, swaying the tree- 
tops; a vivid flash of lightning bursts forth, then a crash of thunder, and 
dowm. stremos the deluging rain. Such storms soon cease, leaving bluish-black 
motionles's clouds- in the sky until night. , . . The following morning the sun 
again rises in a elouless sky, and so the cycle is completed. ’ ’ 

The female Lmra normally has just such a definite cycle of daily 
activities^ The early morning hours are spent on or in the ground 
in a search for ehangas, forced to the surface of the soil by the soak- 
ing rainfall of the previous afternoon. When the ground and the 
vegetation has been somewhat dried by the morning sun, and es- 
pecially it lias succeeded in depositing one, or two, or even three 
eggs on as many changas and the stimulus for further search for 
a host for her progeny has disappeared, she then begins to frequent 
the flowers from which she obtains nectar. The wasps feed only 
during the hottest hours of the most intense mid-day sunshine, and 
even when the usual rain does not occur in the afternoon, rarely are 
to be noted feeding very long after mid-day. The passage of a 
cloud over the sun almost instantly stops their feeding activities, 
which are not resumed again from rest in the depths of a thicket 
of Borreria and other weeds until it is again shining brightly. What 
the w^as|:)s do during rain and at night can not be asserted with 
certainty: those in captivity mostly rested quietly on vegetation or 
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on the sides of the container, altho it is possible that some of them 
may have been burrowing in the sand, or resting quietly in it during 
part of this time of inactivity. 

Mr. Bates’ description of the daily shower and the above notes 
Oil the activity of Larra apply only to normal weather. The waspsr^’ 
are profoundly affected by any deviation, the^ cycle of daily ac- 
tivities being predicated exactly to a definite time for the rain. At 
the time the ivriter first landed in Belem early in February, the 
downpour came between 1 and 2 P. M, By the end of the week, 
the time of this daily storm had advanced to noon, and the practical 
impossibility of continuing the collection of the wasps by the end 
of that week was caused by the rain beginning in the middle of the 
morning. The female Larra feed at flowers, where they can be col- 
lected, from 10 A. M. to noon, and if the rain commences soon after 
10, they never reappear at flowers in any considerable numbers that 
day, even tho later the sun comes out and the vegetation dries off 
before nightfall. Males may occur on flowers in the afternoon after 
a shower, and also earlier in the morning, their feeding of course 
not being disturbed by the necessity for oviposition, which is doubt- 
l^s the most powerful stimulus determining the activities of the 
females. It had seemed wise, therefore, to take back to Puerto Rico 
what wasps had been eolleeted during the second week in February, 
and to return to Belem for more later in the spring, towards the end 
of the wet season there, and incidentally towards the beginning of 
the wet season in Puerto Rico. 

As it happened, the time of return was properly timed for May, 
and the wasps were present then in an abundance comparable to, 
or even greater than that observed in February. They no longer 
frequented the fiow^ers of Borrerm however, but in the same places 
where collections were made in February, extensive growdlis of Hypiis 
atroruhens Poit. (as determined by Mr. Otero), a recumbent plant 
and not noted before, were now knee-high, and their flowers were 
greatly preferred by the wasps. Little difficulty had been experienced 
in keeping the wmsps alive for several days in February, but in May 
few of them lived overnight in captivity, and the bulk of them were 
dead by the second day. This only duplicated the experience re- 
corded by Mr. Williams, who also was in Belem in May and June. 
Difficulties also were experienced in making the shipments on time, 
for the planes from the south three times during the month were 
two days late in their schedule, due to bad weather in crossing the 
Andes from Santiago. Out of shipments of 70 or 80 wasps eventually 
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despatched from Belem, only one or two wasps would arrive alive 
in San Juan. The carefully designed container which seemed to 
embody every factor essential to the eomfoid and well-being of the 
■wasps en route Avas promptly discarded in favor of a much larger 
one, and with little better results until the final "shipment. In the 
meantime, as the end of the w’-et season approached, the daily rains 
came laler and later in the day, and sometimes not until after dark-— 
or not at all. On the possibility that the wasps in captivity might 
to suffering from lack of humidity, their container received an ar- 
tificial rain under the shower-bath as soon as brought from the field, 
but w^ith little apparent effect on the mortality. 

Incidentally accompanying tlie rainfall in Belem is a sud- 
den sharp decline in temperature. On the bare possibility that 
comparable artificial cold might have the effect of keeping the wasps 
alive, the}" w"ere placed in an electric refrigerator, and wdien removed 
a few hours later all were dead. The manager of the Grande Hotel 
suggested that he had twm refrigerators: the new electrical one for 
freezing, and the old one using real ice in which the temperature, 
•while considerably cooler than the air outside, never came within 10"^ 
or 21) of freezing. Another collection of wasps placed in this old 
*‘real ice’" cooler early in the afternoon and removed at dark had 
suffered not a single mortality. All the final collections of wasps 
were accordingly placed in this old-fashioned refrigerator during the 
hot afternoons. 

But now that a practical method had been found for keeping 
the wasps alive longer, difficulty w^as experienced in collecting them. 
The daily rains ceased to be daily, and for each day that there was 
no rain, the number of wasps which could be collected in the field 
was a fifth less than on the previous day. At first this was not 
serious, but when no rains at all came during the second week in 
June, it became abundantly obvious that no large numbers of wasps 
would again be collected for the next six months, or until the be- 
ginning of the next rainy season. Out of the final shipment of only 
18 wasps how^ever, 7 arrived alive in San Juan: the highest survival 
from any shipment, and comparable to the first in E^ebruary in the 
Wardian cage. The wasps in this final shipment had been x^efriger- 
ated in the afternoons, and their container placed outdoors at night, 
including the night preceeding the date of shipment. As there is 
no stop for the planes north of Belem closer than F'rench Guiana, 
they usually cover this longest hop at a great heiglit, with the tem- 
peratures approximating those of a mountain, and in general, the 
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planes are comfortably cool Avhile in motion. Tlie only liigli tem- 
perature experienced for any considerable length of time en route; 
therefore, is in the late afternoon and early evening at Port-of-Spaiii; 
and, with present flying schedules, this is hardly capable of alteration. 

For the collection of Larra wasps in the field, the Avriter has 
used a small, non-folding, metal frame net presented by Mr. P. W. 
Uricli, for many years Entomologist of the Department of Agri- 
cuilure of Trinidad and Tobago. For handling live AAmsps, one has 
miieh greater confidence if Avearing a heaA^y cotton glove on one hand; 
altlio after some experience, one makes sure of the sex of any doubt- 
ful individual by letting it attempt to sting, and releasing any un- 
able to prove that they are females. The container at first used in 
the field Avas loaned by Mr. K. A. Bartlett, of the Foreign Insect In- 
troduction Division of tlie U. S. Bureau of Entomology & Plant Quar- 
antine, hut it proved quite unsuitable for the shipment of large wasps. 
That later designed was manufactured in Brazil by a cabinet-maker 
reeonimended by Dr. Hagemann, and measured 3^' X 3'' X b'', with a 
circular opening slightly larger than one’s thumb, stoppered AAuth a 
cork, in one end, thru AAdiieh the wasps were transferred from the 
net. To induce them to enter voluntarily, the slide top had cut in 
it a binged door, closely screened inside. By opening this door j ust 
before the Avasp was released from the net, its violent positive plio- 
tbtropism promptly carried it into the container. The bottom third 
of the container was partitioned otf AAuth coarse Avire mesh of such 
size that the wasps could readily pass, if they desired. This third 
of the container Avas mostly filled with moist sand, but prevented 
from canning out by a layer of Avet sphagnum moss next to the wire. 
The cut ends of Borrerim or flowering stalks were thrust thru 

this Avire mesh into the moist sphagnum and sand, and invariably 
arrived fresh and un wilted at the end of journey in San Juan, ac- 
cording to the testimony of Mr. Seln. Kegarclless of their tlieoretieal 
value, few Avasps survived the trip to Puerto Rico in these small con- 
tainers, and eventually their use AAms restricted to collection in tlie 
field, for which they were Avell adapted Avhen the Avire partition, sand 
and moss w^ere removed, the interior being loosely tilled Avith wet 
excellsior and a few floAver blossoms. The larger and much simpler 
shipping cage used for later consignments had only a 5'' X 8" wire 
screen window in its sliding top. The transfer rence of the wasps 
from the eollecting cage to the shipping cage, or to the Wardian 
cage, was always attended with difficulty, and whatever method was 
used, before the operation was completed, one invariably wished he 
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liad used some other. At first it was conducted in bed with the 
mosquito bar tucked in securely on all sides, and later, at night in 
the bath room from which everything movable had been removed. 
By sliding back the tops of the two containers so that their open- 
ings -were opposite, the moist exeellsior in which most of tlie wasps 
had come to rest could be droped into the shipping cage, but some 
invariably chose to remain in the field cage, and others became active 
and escaped where the openings of the two cages did not exactly 
meet. In such an extremity, a gloved hand might recover those 
wdiieh hid in the folds of the mosquito bar, or which did not at 
once escape, despite the darkness outside, thru cracks around the door. 
The bottom of the large shipping cage was covered with a thin layer 
of moist sand, into which the cut ends of the flower stalks were 
thrust, and naturally such cages had to be kept right side up, but 
the superior survival of the wasps in the larger containers much 
more than justified the trouble of getting the wasps into them, and 
the greater care that had to be taken of them en route. To prepare 
for delivery to the plane, several thicknesses of toweling were tied 
over the screened window, and saturated with water so as to arrive 
still damp two da.ys later 

Mr. Williams has recorded the finding of Larra americana in 
lesser abundance at more southern localities in Brazil, and of other 
species of mole-cricket parasites in Equator. Such records are value- 
less in considering localities from which shipments might more readily 
be made to Puerto Eico, but at least indicate a wide distiibution of 
such parasites. To determine if Larra amerimna might not occur 
at localities even nearer to Puerto Eico than Belem, the writer stop- 
ped at Paramaribo, Dutch Guiana, on his return in June 1936. 
Plants of Borreria were not noted, but quite extensive beds of HypUs 
were found at the end of a country road ^ ‘ Cliarlesburgstraat in a 
clearing at the edge of the forest, and feeding on the nectar of their 
flowers were females of Larra cmiericana. If the insect oeurs north 
of the Amazon River, it presumably is present in all suitable sandy 
regions of tropical South America. The last stop of Pan Ameifican 
Airwa 3 ^s on the continent before reaching Trinidad is Georgetown, 
British Guiana, but the soil here, unlike that around Paramaribo, 
which is sandy swamp, is mud. Even where it becomes somewhat 
coarser in texture, neither of the plants frequented by Larra for 
nectar was noted, altho mole-crickets are present in small numbers 
in the sandy foreshore outside the seawall, and to a lesser extent in 
the golf course at Belair, in the outskirts of Georgetown. A 
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jcmrney into the interior and they become abnndant, for Mr. T. A. W. 
Davis, Forester at the Mazarnni Station, reports them a serious pest 
ill his nurseries, the specimens submitted by him being both 
riscus vicinus and Gryllotalpa hexa-dactyla. Thus, British Guiana 
is indicated as being no nearer Puerto Rico, from the standpoint of 
transporting the wasps, even if they do occur there, than is Belem. 
Dutch Guiana remains a definite possibility, altlio lack of local trans- 
portation, and the limited area where Hyptis w^as noted there, makes 
Belem still the more desirable locality for the continuance of the 
attempt at the introduction of a parasite of the ehanga into Puerto 
Rico, and the beginning of the rainy season the most favorable time. 

Normally, the beginning of the rainy season in Belem is some- 
time in December, usually between Christmas and New Year's Day. 
In 1936, the first rain, after an unusually long, hot and uninter- 
rupted dry season came on December 28th, the day that the wi'iter 
left San Jiiaii by plane, so that some wasps were available for col- 
lection when he first arrived in Belem. But the rainfall in the first 
three weeks of Januar^^ consisted of showers so light as to barely 
moisten the surface of the ground, so that by the middle of the month 
only a few Larra were to be seen, and most of these were males. The 
first general and heavy rain was on January 17th, 1937, continuing 
all .that day and night and most of the morning of the 18th, the 
air being alive with winged termites much of this time, and on the 
second night tremendnous numbers of adults of the common large 
black cricket, GrUlus assimUis P., invaded the better lighted sections 
of Belem. The morning of the 19th was bright and clear and the 
females of suddenly so abundant that one could not keep track 

of the iiumber collected. Yet out of the 30 or more collected just the 
day before shipment and sent in the large container by the fast 
Clipper, making stops only at Paramaribo and Port-of-Spain, and 
arriving in San Juan before 10 A. M. on the morning of the 21st; 
only 6 or 7 were alive when received, and only 2 survived to be 
released at Malesa Sub-Station at Isabela, where the ground was 
being irrigated every day to bring ehangas to the surface and Rurrc- 
ria was specially grown to ensure optimum conditions for the wasps. 
.The heavy mortality could not be due to a hot afternoon, for the 
rain came at 2 P. M. on the 19th, and lasted all night. The con- 
tainer was kept during the night on a window-ledge on the third 
floor of the Hotel Grande, and not delivered for transportation until 
the morning of the departure of the plane, at which time, so far as 
could be determined, it was in good condition. What happens to 
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shipments en route is a matter of conjecture, but tlie spraying of the 
planes with py rethrum insecticide just before arrival in San Juan 
certainly is most unfortunate from the standpoint of keeping the 
I/ami wasps alive. For later shipments, the purser or steward of 
the plane was personally interviewed in Belem just before the ship- 
ment was delivered, and instructions given, in addition to those 
written on the tag, to pour ice* water on the toweling covering the 
screen window of the container before landing in Port-of- Spain, to 
keep the shipment out of the sun after arrival and in the shed at 
the end of the pier until the following morning, and to keep it in 
the tail of the plane when the plane is being sprayed at San Juan. 
So far as can be determined, all the special care had little effect im 
increasing the survival of the wasps, that of some shipments being 
most discouragingiy low. On the other hand, one shipment of 36 
yrasps sent by the slow plane from which release could not be made 
until the following day at Malesa, had 7 wasps alive and active at 
that time, and the final shipment of 16 wasps, in a container of 
twice the size of those previously used, with three windows, by the 
fast plane, had 5 wasps alive for release at Maleza. But the total 
of 28 wasps received alive out of almost ten times that number col- 
lected is a most disheartening record (see Table), relieved only by 
the assurance that all of these were females and that they were 
released where ehangas were not only abundant, but where the daily 
irrigation surely made them readily available for attack and ovi- 
position, and where Borreria was present in abundance. 

The mortality of Larra was so heavy on the slow planes, with 
the oiie most extraordinary exception above noted, that discontinu- 
ance of using them was contemplated as soon as the reports began 
to be received. The slow planes arrive in Trinidad, however, almost 
as soon as the fast planes do, and as Mr. Pickles was keenly in- 
terested in attempting the introduction of Larra in Trinidad, and 
indeed had attempted to rear the parasite there from the first trial 
shipment made to him in February, 1936, he wms asked to receive 
shipments of the wasps, either for release or rearing. Just at this 
time, however, he was in the hospital recovering from an operation, 
consequently Mr. Adamson received the shipment. Out of 27 females 
fxom Beimi, 7 were alive upon receipt, of ‘which 5 were still 
alive the following morning, when they were placed in individual 
tubes or petri dishes and supplied with mole-crickets. Before the 
last one of these had died, Mr. Adamson had secured 21 eggs, and, 
at last report, several of the eggs had successfully hatched after 9 
: days Jncmhation.y:: 
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SHIPMENTS OF LAEEA AMEEICANA, BELEM TO SAN JUAN, 1937 


Sending 

No. 

Type 

Cage 

Weather 

W asps 
Col. 

Bate 

Left 

. .. 

Type 

Plane 

Bate 

Arr. 

Wasps 

Alive 

Wasps 

Bead 

Wasps 

Total 

1 . . 

Small . 

Too dry 
Too dry 

21 

Jan. 3... 

Slow 

Jan. 4. . . 

None 

21 

,21 

2. ...... . 

Small . 

14 

Jan. 6... 

Fast .... 

Jam. 7... 

3 

15 

18 

3 

Small. 

Too dry 

17 

Jan. 13.. 

Fast 

Jan. 14.. 

1 

20 

21 

4 

Small . 

Too dry 

5cf7 9 

Jan. 17.. 

Slow 

Jan. 18.. 

None 

Not Counted 

5. 

Large. 
Large . 
Large . 
Large , 
Large . 
Large . 
Large . 
Extra 

O.K.. . . 

Many 9 
20cf329 

Jan. 20.. 

Fast 

Jan. 21.. 

2 

Not Counted 

6 

O.K. . . . 

Jan. 25.. 

Slow. - . . 

Jan. 28.. 

2 

50 

52 

7 

Cloudy • 
O.K. . . . 

8j'129 

Jan. 27.. 

Fast .... 

Jan. 28.. 

4 

21 

25 

8 

369 

Jan. 31.. 

Slow 

Feb. 1... 

7 

29 

36 

9. 

O.K. . . . 

29 9 

Feb. 3... 

Fast .... 

Feb. 4... 

2 

27 

29 

10 

O.K... . 

27 9 

Feb. 7 . . 

Slow 

Feb.8..J 

None 

27 

27 

11 

Cloudy . 

17 9 

Feb. 10.. 

Fast. . . . 

Feb. ll.J 

1 

2 

15 

17 

12 






large 

Cloudy 

17 9 

Feb. 17.. 

Fast 

Feb. 18.. 

5 

11 

If) 

A to 
Trinidad 

Large . 

O.K... . 

27 P 

Feb. 15.. 

Slow 

Feb. 15.. 

7, 5 on 
Feb. 
16th, all 
used in 
breeding 
in labor- 
atory 

20 

27 : 

i 


Except for tiie one coliectioii of January 19th, 1937, on no other 
clay during January and February of this year were so many wasps 
collected as on many days during May 1936. Possibly this may 
have been due to the effect of intensity of the dry season of 1936, or 
it may merely be due to the fact that no males were collected after 
the rains had started in 1937, and the wasps were in reality quite 
as abundant as previously. While the total number collected dur- 
ing a day often was almost as high as in May, the effort and time 
spent in the field was much greater, and when the daily rains did 
not come until 2 or 3, or sometimes 4 P. M., the wasps rarely ap- 
peared ill any iimnbers during the morning, the bulh of the collec- 
tion of females being made from noon up to within a few minutes 
before the breaking of the storm. Pew mornings were of uninter- 
rupted sunshine, scattered clouds beginning to appear often just at 
about the time when the wasps w^ere to be expected, and increasing in 
number and density as the day advanced so that the wasps found 
but few intervals in which to fly about and feed in full sunshine. 
Apparently they can not see as well when the day is cloudy, and 
certainly they are not as active, wary and hard to catch, even tho 
fewer of them are available to be caught. 

All eoliections were brought to a sudden termination in Belem 
by the middle of February by the sudden concerted activity of the 
municipal authorities in cleaning up the city after camaval, which 
consisted in cutting the weeds, not only on the streets in the city, 
but far out beyond the city line along the railroad tracks where the 
bulk of the collections were being made. The mowing down of these 
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dense tliickets of Borreria did not serve to concentrate tlie wasps 
on the few clumps left, for beyond the bnilt-np part of the city, the 
forest surrounds it on all sides not bounded by the rivers. There are 
no waste lands or abandoned areas ; clearings or burned-over areas in 
tlie forest are planted to yuea, or grow up so rapidly to high second 
gTowili that Borreria has no chance to become established, and in 
reality the only favorable places for it are along the too- wide roads 
of the outskirts of Belem, or along the railroad track. The weather 
also at this time wms rapidl^p becoming less favorable to Larra, entire 
days being cIoikIy and misty, interrupted, not by sunshine, but by 
showers, so that even 'while good collecting areas were still available, 
the number of wasps that could be collected was rapidly diminishing. 

Ill normal years, Dutch Guiana has a short rainy season during 
December and January, so that growths ot Hyptis should be at their 
height in February, and Larrid \vasps abundant. During the one 
week spent there in February 1937, two wasps were seen, for there 
Iiad been no short rainy season this year. Hyptis growth was still 
reeiimbent, but by riding on a bicycle to the end of every road 
around Paramaribo, its areas of abundance could be located and 
plotted, for use at times when wasp collections might be made there. 

The dishearteningly small number of Larra surviving the journey 
from Belem to San Juan in January and February 1937 seemed to 
indicate the desirability of finding some closer point of collection, the 
shorter journey from Avhich might enable more of the wasps to survive. 
To he sure, Paramaribo, Dutch Guiana, is considerably nearer San 
Juan, but the airport is so far from points where Larra is found 
that no collections would be possible on the day of shipment. Since 
Georgetown, British Guiana, is unsuitable, the other points in South 
Ainerica which might be considered are the airports of Venezuela. 
The one nearest to Trinidad is the oii-field at Caripito, the next is 
Guanta, the port of Barcelona, both with such frequent airplane 
service that wasps collected at either point would reach San eJuan 
by the next morning. A personal inspection of Guanta and Barce- 
lona in April 1937 immediately indicated their unsuitability, the 
area in the vicinity of Guanta being a desert, and Barcelona is hours 
away by automobile. The presence of Borreria verticillata along the 
banks of the river beside Barcelona might indicate the possible 
jiresence of Larra during rainy weather, but at the time the survey 
was made there had been no rain for some weeks, and the presence 
of adults was not to be expeeled, Caripito is a clearing in the midst 
of virgin forest of the Orinoco delta region, rainfall is normally 
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eolisiderably more aliiiiidant than at Barcelona, and Borreria verii- 
cillata grows in abini dance on the sandy soil of the landing field of 
the airport. April, ‘'however, is a month of drought for Garipito, and 
the oiily hope of eolleeting Xarm was to return in the simiiner, wiieii 
the greatest abniidanee of rainfall is to he expected. 

Mr. Luis P. Martorell spent part of August 1937 at Garipito, but 
despite the apparent suitability of conditions, he collected only a 
few small Larva amerieana (as determined by Miss Grace Sandhoiise)^ 
the Avasps being so scarce that making shipments of live adults to 
San Juan was out of the question at that time. His collections and 
the definite deteriiiiiiatioii of the specimens, however, establiKshes the 
record of Lavra for Caripito, and its scarcity at the time he was 
there by no means proves that it might not be abundant in otlier 
years when total rainfall is more abundant than it was in 1936-37. 
Caripito remains a possibility to be further investigated if others 
fail. 

The doubtful record of the presence of the changa in Haiti w^as 
assumed to refer to Gryllofalpa hexadactyla Perty, when the Cuban 
niole-crieket was definitely determined to be that species. In the 
summer of 1937, Mr. Andre Audant, Entomologist in Haiti for the 
Service National de la Production Agric'ole et de PEnseigmiient 
Rural, sent a specimen of a mole-erieket collected by a student to 
the U. S. National iMuseum for determination. Mr. A. B. Gurney, 
the specialist in Orthoptera there, identified it as ScapUrisGus 'vi- 
einus Scudder, and Mr. Audant, knowing of our great interest in 
this insect, promptly reported the determination to us. To determine 
whether the scarcity of the Puerto Rican mole-cricket in Haiti was 
due to control by a parasite, two weeks in November and December 
1937 were spent there. In Mr, Andantes automobile, nothing of 
interest was noted driving nortliAvest from Port-au-Prinee to St. Mare 
and ill the valley of the Artibonite, but on the second day going 
west toivards Petit Goave, three live ehangas were collected in a 
sandbar in the bed of a stream. This is the first definite locality 
aoileetion of Seapferisem vicintis in Haiti. 

The greater part of Haiti is mountainous in character, the central 
plain of the Ciihde-Sae being heavy clay, and most of the stream 
deltas consist of loose rocks and bowlders, succeeded immediately by 
clay, with no intermediate sandy area where the changa might find 
conditions suitable for its existence. Thus the sandj?^ stream bed at 
Petit Goave, where these ehangas wwe found, in reality is quite ex- 
ceptional for .Haiti., 
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An exceptionally complete herbarium of the plants of Haiti is 
to be found at the Damien oiHce and school of agriculture, liaving 
been assembled by Dr. Erik Ekman of Uppsala, Sweden. He col- 
lected specimens of the two plants at the flowers of whieli Larra 
americana is most commonly found in Brazil: Hypiis atrorubens 
between Port Margot and Bayeux on the north coast, and Eorreria 
vertioillata at Morhe Broiiet, south of Kenscotl, at an elevation of 
1^600 meters. As Ekman w^as more likely to collect from relatively 
inaccessible localities, rather than in those more readily reached by 
autoniobile, to search for Borreria in the region where he found it 
required several days of travel afoot. The mountains between Port- 
au-Prince and Kenscoff were tramped over one day, and three days 
were spent at Kenscoff, and on one of the mountains south of 
Kenseoffj at an elevation of possibly 1,700 meters, large clumps of 
an iiiideteriniiied species of Borreria or Mito'acarpus were found. 
They were gxowdng mingled with such temperate zone plants as 
blackberry, mullein, wild carrot, narrow-leaved plantain, dandelion, 
St. Johnsw’ort, chick-weed and white clover. Hours were spent 
watching them during the middle of the day in bright sunshine, but 
no wasp even remotely resembling Larra was noted. Considering the 
low temperature (except in full sunshine), and the soil, which is a 
heavy clay, the absence of Larra is hardly surprising, and further 
search in the Kenscoff mountain region was discontinued. 

The only sandy beaches in Haiti near Port-au-Prince, aside from 
those previously investigated towards St. Marc, are on the southern 
coast of the southern peninsula. A one day trip to Jaemel was most 
disappointing in its results, the only sandy beach being Just at the 
city, and used for a public dump. A two day trip to Cayes showed 
little more of tangible value, for the beaches between Aquin, St. Ijoixis 
dll Slid and Cayes are comparatively narrow, and back of them 
the soil is clay, with bare rocks or steep mountams rising close be- 
hind. The sand bar across the mouth of the river at Cayes is ex- 
tensive, hut neither Ilyptis nor Borreria grew there. No trace of the 
changa was noted, altho rain of the day of going would have made 
its presence visible the next day coming back if it had been at all 
abundaiit. Thus the net res of three days travel over rough roads 
was entirely negative : no ehanga and no plant on the flowers of 
which Larra- might be expected to occur, altho conditions of tem- 
perature and rainfall, and soil for limited areas, would appear to 
be somewhat more favorable than in the region nearer Port-au-PriiicMA 
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Willie tlie period spent in Haiti was too sliort to eliminate all 
possibilities, it would appear that in the area whieli may be reached 
by automobile in a day from Port-au-Prince, the cliang’a occurs in 
very limited regions, and the plants at which Lavra is found in Brazil 
do not occur at all. The scarcity of the changa is thus presumably 
clue to the limited environment in which it can occur, and not due 
to the presence of a speeihc parasite. 

The possibilities of collecting Lavra at points nearer by airplane to 
San Juan having been temporarily or entirely eliminated, refine- 
ments and improvements in methods and technique from Belem still 
remained to be tried, and in the middle of January 1938, Mr. Luis P. 
Martorell proceeded to Brazil. During the few days less than a 
month that he was there, six shipments of Lavra were made, and one 
was brought with him, small in number of Larra adults as compared 
with those of previous years, due to unfavorable and abnormal 
weather in Belem, but otherwise the most successful of any yet made. 
The weather during January and February 1938 was also most ab- 
normal in Puerto Pico, being especially favorable for the introduc- 
tion, and releases could thus be made less than half an hour from 
the San Juan airport, in an extensive sandy area to the south of 
the Laguna de San Jose w^hieh is most nearly comparable in Puerto 
Rico to the region from which Larra comes in Brazil. The releases 
were made beside an acre previously in cultivation which is now 
almost a solid mat of Hyptis atroruhem, while high plants of Borreria 
are numerous in near-by pastures and areas not in cultivation. Dur- 
ing the time that the shipments were being received, the weather of 
this region, ivhile not exactly the same as Belem at this time of year 
with rains early in the afternoon, was sufficiently similar in essentials, 
for in Puerto Rico the rains came nearly every night or early morn- 
ing, with the middle of the day bright and clear. The exceptional 
weather in Puerto Rico this winter is a very important factor favor- 
ing the success of the introduction. 

In regions where mole-crickets are abundant in Trinidad and 
Puerto Rico, many of them will come to light on rainy nights, but 
none was thus noted by the writer at Belem during the months 
spent there. Mr. Maxdorell was determined to obtain at least a few 
specimens, and going out at night with a flashlight and a boy to 
dig, succeeded in obtaining several on the first attempt. The boj 
subsequently obtained many more, for which he was paid at the 
rate of 3 cents for each specimen. Mr. F. X. Williams has related 
how he induced Larru wasps to attack and parasitize mole-crickets 



INTRODUCTION OF LARRA AMERICANA INTO k. 


215 


in captivity, and Mr. Martorell, using similar metliods of introducing 
tlie wasp into a small tube with the ehanga, and shaking them up 
together if the Avasp at first show'ed no interest, succeeded in obtain- 
ing many art:^ficially parasitized mol!e-cri,ekets. In all shipments 
except the first two, such parasitized changas Avere sent to San Juan 
with the wasps, and one shipment consisted only of such Xarra in the 
egg stage. Some of the changas died en route, but over three-fourths 
of them survived the jourriey and the close confinement, and most of 
these AA^ere released upon arrival. Of those Avdiich Avere retained in 
the laboratory, eggs Avhieh had been laid previous to January 26th 
hatched Avithin a feAv days after receipt, and had grown to full sized 
maggots b.y tAvo weeks later (February 14ih), the air temperature 
recorded beside them during this period varying from 72'^ to TS^'^F. 
Only one maggot, however, succeeded in forming a cocoon, and even 
this one died before transforming to adult. The weight of cocoon 
and contents was .3145 gr., but this is not net, as it includes grains 
of sand stuck in the viscous dark brown plastic of AAdiieh it was com- 
posed, Avhieh could not be separated out. 

The live weight of a ehanga is .78 gr., its air-dry (dead) weight 
.287 gr., and subtracting from this the heavily ehitinized remains not 
available for consumption by the parasitic maggot which Aveighed .077 
gr., giA^es .21 gr. as the net air-dry weight of the food eaten by 
Larra in its parasitic stage. The air-dry AA^eight of large Larra 
females is .0524 gr., and of Lami males .022 gr., thus it Avould appear 
that the food eaten by the Larra may be as little as four times for 
females, or as much as ten times for males, as the weight of the 
adult which it becomes. It is much more likely that parasites on 
the largest changas become females, Avhile smaller changas or large 
nymphs furnish only food suffieient for the development of males, 
and the efficiency in the consumption of food by tlie larval Larra is 
substantially that previously determined by the AAvriter for other 
parasitic inseets (16). 

In keeping the ehangas in individual cans Avith sand and corn, no 
mortality of the host is experienced after those injured in transit 
have died, but eggs or maggots are easily killed or dislodged in 
attempting to examine the active ehangas for their presence. Thus, 
only the parasitized changas of the first shipment AA^’ere retained in 
captivity, mostly to determine the rate of development of the para- 
site, and all subsequent parasitized were released in the 

field. Of the Motal of 121 parasitized changas sent from Belem, 95 
arrived in San Juan alive, and of these, 79 were released in the field 
at/the'same-time' as/the wasps.-:-::'--'" 




PIG^. 4, Maggot of Larm americana feeding on tlie Juices of a *‘changa’* killed by it. (Drawn by F. Bein.) 
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Quite aside from the number of Larva thus introduced in the egg 
stage, the presence of the parasitized changas in the box with the 
wasps had a most surprising effect in greatly reducing their mor- 
tality. In the first two shipments made without changas aceompany- 
iiig, only one wasp arrived in San Juan alive; of the succeeding 
■shipments wdiich had a screened box or can of parasitized changas, 
the first contained 11 live w^asps, 1 w^eak and 6 dead, the second con- 
laiiied 18 live wasps and only 1 dead, the third had 9 live wasps 
and only 2 crushed under the box of earth and changas, while the 
final shipment brought by Mr. Martorell in person, but delayed en 
route an additional day at Trinidad, had 7 live wasps and 4 dead. 
This is so much better than any previous series of shipments as to 
indicate that the presence of live changas is quite essential for keep- 
ing the wasps alive en route, and will of course be used in all future 
shipments. It appears to be the key to the problem: the solution 
of how to get the wasps alive from Belem to San Juan. The total 
number of wasps sent by Mr. Martorell this year was 81, of which 
35 arrived dead and 46 alive, as compared with 262 shiped last 
year, hut of which only 28 arrived alive. The difference in the total 
number indicates the much less favorable weather in Belem for mak- 
ing the collections, while the much larger proportion of wasps ar- 
riving alive shows the more successful method of shipment accom- 
panied by changas. The total of only the sliipments accompanied 
by changas is even more clearly indicative of the success of this 
method: 59 wasps sent, 45 arrived alive, with only 14 dead. 
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HEW SPECIES OF NEMOGEBA PROM PUERTO RICO 

By O. A. JOHANNSBN, 

Cornell University, department of Entomology, 

During the months of February and March 1935, Dr. J. G. Need- 
ham of Ithaca, New York, in company with Dr. Julio Garcia-Diaz 
of Rio Piedras, P. R., collected numerous insects on the island of 
Puerto Rico, a collection which was considerably augmented later in 
the season by Dr. Garcia Diaz working alone. Of the Diptera ob- 
tained several of the nemocerous families were placed in my hands for 
identification. Owing to the fact that it was necessary to collect the 
specimens in alcohol several of the Psyehodidae could not be identi- 
fied. This was true also of some species of other families where 
represented by females or defective specimens alone. A list of the 
more striking captures as well as descriptions of previously unde- 
scribed species are given herewith. 

CHIRpNOMIDAE 

Pentaneura marmorata n. sp. 

?. Head and antennae pale yellow, apical antennal segment, the elongate 
palpi and mouthparts infuscated. Twelfth segment of antenna three times as 
long as the eleventh segment. Thorax and seutelliim pale yellow, mesoiiotim 
with four broad brown vittae; lateral margins of inetanotiim and of pronotiim 
brown; pectns largely brown; pleura with about ten irregular brown spots of 

varying sizes. Abdomen pale yellow, tergites 3, 4 and 5 each with a large 

rectangular brown spot. Legs yellowish white ; extreme bases of coxae, a spot 
on trochanter, a preapieal ring on each femur, a ring near base of each tibia 
and the extreme tips of the tibiae and of the metatarsi, brown. Eore basitarsus 
scant 0.6 times as long as the tibia, pul villi absent. Wing marmorated with 
brown spots as follows: an irregular rectangular spot eovering humeral cross- 
vein and areulus; an irregular triangular spot covering the r-m crossvein, ex- 
tending to the costa ; a large brown rectangular area extending from the tip 

of Bi to apex of wing covering the costa and the media, this area with a 

small hyaline spot along the costa between R i and Ba j a large irregularly 4- 
branched hyaline spot between radius and media, and another less distinctly 
I margined irregular byafe near apex' of the wing ; in the basal ha, If of 

; cell B r. and just beyond the r-m crossvein with three small dark brown oval 
spots of which the. more distad is the smallest; m-cu crossvein covered in part 
by a small spot, distad of which in cell M are about four more or less square 
spots, the apical one containing a vaguely margined hyaline spot; Cell Cj 
with two minute basal spots, a square spot filling the space above apex of Cu 2 
and the cell apicallj browm margined ^ behind the cubitus" there are about three 

' 219 ' ‘ 
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small spots "basally, a large square spot under the base ®f Cu.^ and distally fill- 
ing the. margin under the apex of Gnu an irregular brown area containing an 
indistinctly margined hyaline spot. The larger wing spots are more or less 
contiguous with one another. Bquamae fringed. Halteres white. Length 2.5 
mni, wing 2.4: nim. 

Type from Eio Cidi’a, Puerto Rico, Mareli 23, 1925. In the 
Cornell University Collection. 

Pentojnemra monilis L., var, peleensis Walley. 

Taken at light, Tortugiiero Lake, August 15, 1935. 

Ooelotanypiis insulanus n. sp. 

9. Head and antennae yellow, apical antennal segment brownish; eyes 
slightly emarginate, separated at vertex by a width equal to the distance be- 
tween the bases of the antennae; thorax including scutellum reddish brown; 
pleura yellow, metanotum dark brown ; mesoaotum without acrostichals, the x>nn- 
ple on disc, small. Abdomen yellow, tergites 2 to 7 with basal half or two- 
thirds, brown, eighth tergite and sternite more or less brown. Femora yellowish, 
apical sixth dark; tibiae yellow, bases of fore and hind pairs and apices of all 
of them brown; fore tarsi broken off, the apices of the first and second seg- 
ments of middle and hind tarsi yellow, their apices and the whole of the re- 
maining segments dark brown. Fore tibiae with one, middle and hind tibiae 
with t\vo spurs. Wings hyaline, veins yellow, r-m crossvein dark brown; petiole 
of cubitus about half as long as the m-eu crossvein ; anterior branch of the 
cubitus slightly undulate. Squama fringed. Halteres yellow. Length (in al- 
cohol) 2.2 mm. 

Yiinez River, Puerto Rico, August 11, 1935, Typ)e in tlie Cornell 
ITniversity Collection. 

Coeloianyims concinnus Coquillett. 

Taken at light. Cartagena Lagoon, August 9. 

Cardiocladius ohscurus Johannsen 

Taken at light, Cartagena Lagoon, August 9. 

Cricotopus aberrans n. sp. 

9. Head yellow, oceijDut, anteimae and month parts slightly darker. Eyes 
pilose, widely separated on the front. Antennae with six segments of which 
the last is three times as long as the fifth. Thorax yellow, with the three 
broad vittae on mesoiiotum, the scutellum and metanotum, brown. Abdomen yel- 
low, the apical half of the second terete the whole of the third, and the sixth, 
seventh, eighth and ninth tergites except narrow bases, brown. The terminalia, 
which are white, resemble those figured for 

Museum, Bull. 86, Plate 33, 7) with about five strong bristles at apex of each 
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lobe. Femora wliilisli mth apical third dark brown; fore tibiae white, apical 
third dark brown, the other tibiae yellow, extreme base of second pair and basal 
third of hind pair more or less brownish; fore tarsi wholly dark brown, middle 
and hind tarsi inf useated toward the tip; piilvilli lacking; empodiuni long; 
fore ba-sitarsiis 0,6 times as long as the tibia. Wing hyaline, veins yellowish, 
costa produced, cubitus forks distad of the crossvein. Squama not fringed. 
Halteres white. Length 1.8 mm. 

Type from Tanama River, Puerto Rico, Mareli 12, 1935. 

Paratypes from the same locality March 12, 13 and May 11; 
from Yunez River, Feb. 27, and Caghitas River, March 3, 1935. 
Type in the Cornell University collection. 

The color of the middle and hind tibiae in the paratypes shows 
some variation. 

The OiiJiocladms ahsurdm Job. noted above will fall in Cricotopus 
as defined by Edwards in 1929, Cricotopus insolitus Curran also 
from Puerto Rico has a similarly constructed terminalia but they 
are here relatively more slender and elongate than in C. aherrans 
and ah s Urdus, 

Cricotopus conformis Curran. 

Taken at light, Yunez River, Febraury, June; Tanama River, 
March, July; Rio Cidra, March; Lares, March; Quebrada Joba, 
March, 1935. 

Cricotopus insolitus Curran. 

Taken at light, Rio Cidra, June; Yunez River, February, June, 
August; Liiquillo Mts., June; Tanama River, March/ 1935. 

Corynoneura (Thienemaniella) similis Malloch. 

Taken at light, Yunez River, June, August; Rio Cidra, March, 
1935. 

Pseudochironomus fulviventris Johaunsen 

Taken at light, Yunez River, June 22; Luquillo Mts., June 10, 
1935. . 

Chironomus (Stenochironomus) furcata n. sp. 

$ : Head and antennae yellow, the scape, palpi and proboscis pale brown- 
ish. Eyes separated on the front by a width greater than the width of the 
dorsal process of the eye. Last antennal segment 1.5 times as long as seg- 
ments 2 to 13 combined. Palpi nearly as long as the last antennal segment, 
its second and third segments subequal^ fourth segment 1.5 times as long as 
the third. Thorax yellow, the two broad lateral vittae of the mesonotum, base 
of scutellum, metanotum except for Hue median yellow line, three large angular 
spots on the pleura, and two large spots oh the pectus, brown. Thorax produced 
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over the head and pronotmn reduced as in Stenoeliironomiis. Abdomen yellow^ 
the larger part o£ the first and the apical third or half of tliird to sixth, and 
larger part of the remaining tergites brown. Spur of the ninth tergite long 
and slender the tip extending candad to tips of the inferior and superior ap- 
pendages, the latter slightly enlarged apically with strong anteriorly directly 
bristles and one long posteriorly directly bristle; the superior appendage en- 
larged and bristly at base, slender, bare and curved apically. Bististyles bristly, 
longer than the basistyles, gradually widened apically, ending in a fork the 
inner limb of which is stout, blunt, and thumb-like, the outer limb longer more 
slender and tapering to a point on which a long slender bristle is placed. Legs 
yellow, fore tarsi not bearded, fore basitarsus 1.2 times as long as the tibia; 
ptilvilli well develo|)ed; fore tibiae with rounded scale; middle and hind tibiae 
each with two strong spurs on normal combs. Wings hyaline with pale veins 
including crossyein; the radius ends as far in front of the apex of the wing 
as the media does behind it; cubitus forks distinctly distad of the crossvein. 
Squama mth a fringe of several hairs. Length 3.5 mm. 

Taken at light June 7, 1935. Type and paratypes from Liiquillo 
Mts,, Puerto Hico. The lack of wing bars combined with the peculiar 
furcate distiehyiese distinguish this species from other members of 
the snbgenus Stenochirouomus. Type and paratypes, Liiquillo Mts., 
June 7, 1935. Type in the Cornell University Collection. 

CMronomus hiMosa Garry. 

This species was originally described from Cuba. Guanica La- 
goon, February 24; Yunez River, June 19; Cartagena Lagoon, 
August 3 and 10 ; Tortuguero Lake, August 15. 

Tanytarsus (Rheotanytarsus) meridionalis n. sp. 

$. Pale yellow, including legs, the metanotum and the three vittae of the 
inesonotuni darker yellow. It is probable that in life the abdomen, at least, 
is somewhat greenish. Eyes separated on the vertex by a distance subeqnal to 
the width of the dorsal extension of the eye. Antennal segments 2 to 13 
combined about 1.75 times as long as segment 14. Hypopygium closely reseiii- 
bling that figured in New York State Museum Bulletin No. 86, plate 33, 4; 
the apical fifth of dististyles curved down, about a fourth as wide as the distis- 
tyles near the middle; dorsal spur of ninth tergite acute, ending a little distad 
of apex of basistyle; inferior appendages slightly elavate ending beyond tip 
of the spur, with the usual strong curved bristles; superior appendages shorter, 
ending little if any distad of apex of basistyle, apical and distinctly broader 
than toward the base with a few fine erect bristles; brush slightly shorter than 
superior appendages, with apical half or two-thirds with fiattened blade-like 
hairs wddch are broadest at the tip. Anterior tibia with a short sharp spur, 
fore basitarsus about 2.3 times tibia in length; middle and hind tibiae each 
with two combs which are separated from each other at the base by a distance 
nearly half the depth of the covib; each comb with a long, sharp, slightly 
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einTetl spur ; pulvilli yestigialj emj^odium small. "Wings hjaliiie , with pale 
velDS; rather densely hairy; posterior branch of radius ends but very slightly 
clista.d of anterior branch of the cubitus; media ends in tlie tip of the wing; 
cubitus forks far distad of the short cross vein. Lengtli 1.70 mm, wing 1.25 mm. 

In coloring like the male. Antennae seven seginented, the second and 
third; more or less fused, the intermediate segments spindle-shape, without dis- 
tinct : necks, the last segment slender, scarcely twice as long as. the next to tlie 
last. Eatio of fore tibia to basitarsus as in the male. Wing slightly broader 
than in the male. Length 1.25 mm. Wing length 1.25 mm. 

This species differs from the North American T. exigims Joh. and 
from ;the South American T, abbreviatus Kie'ff, in the relatively 
longer fore basitarsus and the relativelj^ shorter terminal antennal 
segment in the male. 

Type and paratypes from Yunez River, August 14, 1935. Other 
localities: Rio Cidra, March 23; Luquillo Mts., June 10; Tanama 
River, March 12; Quebrada Jobo, March 7 ; Tortnguero, March 19, 
1935. Type and paratypes in the Cornell University Collection. 

Ceratopogon (Brachypogon) impar n. sp. (Ceratopogonidae) 

9. Thorax including scutellum and. metanotum black, slightly cinereous, 
notuin sparsely short bristled; abdomen yellow, third and fourth tergites each 
with a pale brown median transverse band interrupted and darker in the mid- 
dle; fifth and sixth tergites show a trace of an interrupted band in the form of 
two dark spots place side by side ; apex dark ; venter yellow. Antennae yel- 
low, scape dark. Legs yellow, basal half of fore and middle femora and ex- 
treme apex of all of these, dark; claws equal. Wings milky, without miero- 
triehia ; apex of radial veins fused into a conspicuous dark stigma ending 
about the middle of the wing but slightly distad of the level of apex of 
Cu s; media ends slightly behind apex of wing. Halteres pale. Lengtli 0.3 
mm in alcohol; wing 0.7 mm. 

The coloring of the abdomen and legs seems to be subject to some 
variation since in the paratype the paired marks on the abdomen are 
fused on the middle line and the middle and hind tibiae are slightly 
darkened in the middle seetion. 

This species differs from the European C. vitiosus in eoloring and 
ill the relatively shorter radial veins. Type from El Yuiique trail, 
June 10, 1935; paratype from Luquilio Mts., June 7, 1935. In the 
Cornell University Collection. A 

.Paltostmm agyrocincia Curran (Blepharoeeridae). 

Sabana River, March 7 ; Luquillo Mts., June 7 ; La Mina Recrea- 
tion .Area, July 14; El Yunque Trail, July 27. 
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Key to North American species of Maruina (Psychodidae) 
(Based largely on descriptions) 

1 . Basal sections of R 3 and obliterated and lacking hairs; wing narrow 

lanceolate, about four times as long as wide; Bs originates distad of 
the level of the base of M?; hairs of body and wings brown, hair 
tufts on thorax and wing base blackish brown. Puerto Rico -.^ — Mrta n. sp. 
Basal sections of B a and M« distinct, or dilffering in other characters^ — - — (2) 

2. Thorax with black or brown hairs; antennae three-fourths as long as 

width of wing; legs black, basitarsi white; ventral plate elongate, 
narrowed toward the base. Length of female 2 mm. California and 


"Wasliington , lanceolaia Kinkaid 

Thorax largely with yellow hairs (3) 

3. Legs uniformly blackish brown ; wing with blackish hair, basal part to 

the fold with whitish hair. Male. Maryland mida Dyar 

Legs more or less pale 4 


4. Antennae nearly as long as the body, segments beyond the second over 

three times as long as broad ; petiole of B 3 -{- * 

as the cell B^; petiole of Mi + a less than a fourth as long as the 
cell Mij body and legs covered with yellow hairs; length 1 mm. Fe- 
male. Mexico Girrata Coq. 

Antennae shorter; wing with white tuft at tip 5 

5. Hair of abdomen pale, slightly mixed with blackish; wing uniformly 

covered 'with black hair; length 1 to 1.25 mm. Female. St. Vincent 
Island angibstipen^is Will. 

Hair of abdomen darker, clothed with short black and white, and longer 
dark hair ; tip of ventral plate narrow with shallow emargination and 
rounded lobes; wing with two transverse black bands; length of wing 
2.5 mm, breadth 0.45 mm. Arizona— — — unipunetata Haseman 

Maruina calif ornien$is Kellogg cannot be included here since only 
the immature stages are known. The species calif ornica Kinkaid does 
not belong to the genus Maruina; M. cirrata is placed in the genus 
on the authority of Dr, Dyar, 

Maruina hirta n. sp. 

S- Hairs on head, body and wings coarse, flattened, scale-like. Hairs on 
head brown with blackish -brown tufts on each side above the eyes; slender hairs 
on first basal and on the seven apical antennal segments pale brown, the re* 
maining antennal segments shaggy with somewhat broader, closely crowded 
blackish-brown hairs. Antennae 0.6 mm long, the segments short ovate, with- 
out distinct necks. Eyes separated on the vertex by nearly three times the 
width of the eye-bridge. Ground color of thorax and abdomen pale; a dense 
tuft of blackish hairs anteriorly on mesonotum on each side, remainder of thorax, 
abdomen and legs more sparsely covered with brown hair. Tarsi pale, sparsely 
short haired, apical segment dark. Each wing with a dense tuft of long, blaekish- 
brown scale-like hairs on the costa proximad of the fold and another tuft of the 
same size just distad of the fold, wing veins with long brown hairs, costal and hind 
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margin with a dense fringe of long brown hairs, that on the hind margin measur- 
ing 0.6 to 0.7 mm in length. The wing membrane as seen in the denuded wing 
is tinted pale brownish with a hyaline patch distad of the middle and more 
or less hyaline basally, in cells Be, Mj-f-a and the anal angle. The venatjon 
somewhat resembles that figured by Haseman (1907) for M. miipunctata ^siS, 
but the bases of B s and M a are obliterated. It resembles still more closely 
that figured by Muller for M. pUosella Muller (1895) differing in that Ba is 
about as long as the petiole of B* and B 5 , and also that the interruption at 
the bases of B 3 and Ma is more extensive. Wing about four times as long 
as wide, apex acute as in M. unipunctata. The halteres are pale. 

The hypopygiiim is of the usual Psychodid type; minor appendages hair- 
less, "vvell developed, the basal segment more or less cylindrical, more than twice 
as long .as wide, the apical segment a little shorter, but more slender and 
tapering to the apex. Basal segment of major appendages pear-shaped, basally 
with twenty or more long, slender, erect hairs; apical segment about .035 long, 
capitate, the head-end with small dark scales, the petiole much attenuated and 
bare. Last sternite (dorsal in position) slightly longer than broad, parallel 
sided, apex truncate with rounded angles. Ninth tergite (ventral in position) 
slightly broader than long with median somewhat truncated lobe between the 
short, rounded lateral lobes. Length of insect 1.6 mm ; wing lentil 1.3 mm. 

$. Like the male except for sex characters. The palpi are 0.3 mm long, 
the apical segment 0.125 mm. The shaggy tuft of densely placed hairs on the 
basal antennal segments so conspicuous in the male is lacking. 

The holotype from the Guaynaho River, Puerto Rico, February 
21, 1935; allotype and paratype from the Yuiiez River, June 20, 1935. 

Larvae and pupae collected at the same time and place resemble 
those ot Maruina calif ormensis Kellog (1901). In the Cornell Uni- 
versity Collection. 




STUDIES OF THE ROOT SYSTEM OP OOFFEA ARABIOA L. 

Part . I. — Eavironmental Condition Affecting: the Distribution 

of Coffee Roots in Coloso Olay 

By J. GuiscApRi-AERiLLAOA and Luis A. Q6Mm 

Introduction 

To the present, the aerial portion of plants have been more in- 
tensively and thoroughly studied in botanical and agronomic prob- 
lems. The reasons for this are obvious, among the most important 
being that it is the part from which man iisnally derives more in- 
eoiiie and the easier on which to undertake investigations. 

IIoAvever, knowing that production in the tops of plants depend 
on the roots and particular environmental soil conditions it is clear 
that studies of the root system help a great deal the technologist 
and agronomist in the effieient performance of agricultural practices, 
such as systems and distances for planting, fertilizer application, 
general tillage operations, drainage and irrigation systems, control 
of diseases and erosion, intercropping and others of special applica- 
tion to particular crops, all of wiiieh contribute to a more productive 
aerial portion. 

With these objectives in view and to obtain fundamental knowl- 
edge on which to base investigations and recommendations for neces- 
sary agricultural practices in the growing of coffee, tliis study was 
undertaken. , 

Literaturb Review 

The distribution of roots of crop plants in the soil and related 
problems have been studied by Gomez (1), Lee (2), Lee and Bis- 
sinher (3), Niitman (5), (6), Trench (7), Venkatraman (8), 
Weaver (9), Weaver and Christ (10,). These investigators havd 
devised and used various methods for the most accurate determina- 
tion of the root system under study. Such methods may be clas- 
sified as m and artificial. Those methods in which specially 
designed boxes or cylinders are used for growing the plant the root 
system of which is to be studied, may be termed as artificial while 
the methods of excavating and weighing the roots of plants as they 
actually occur at different soil depths, or that of exposing and fol- 
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lowing the roots by washing with jets of water or loosening the soil 
with hand tools and drawing the root system to scale in the fields 
may be classified as natnraL 

The artificial method: This has been used by Lee (2) and Veii- 
katraman (8). The method followed by Lee (1) consisted in plant- 
ing gsuar cane seeds in boxes with detachable sides and poultry 
netting wire placed horizontally and filled up with soil at different 
depths. Once the plants had attained the desirable size, the soil 
was washed away and the roots exposed but held in their correct 
position by the horizontally placed poultry netting. In this way 
the distribution of the roots at different depths was determined. Lee 

(2) originated a more natural and accurate method later. 

Venkatraman (8) used earthenware cylinders in which cane seeds 

were planted for studying the root distribution. 

Natural methods: The following investigators have used the 
'^natural methods’’ for the study of root systems of plants: Lee (2), 

(3) , Gomez (1), Nutman (4), (5), (6), Trench (7) and Weaver 
et al. (9), (10). 

The method used by Lee (2), Lee and Bissinger (3), while mak- 
ing studies of the root distribution of sugar cane in Hawaii and the 
Philippine Islands may be described as follows: after selecting 5 
to 10 stools as uniform as possible in a commercial field, the cane 
is cut and the green and dry weights of the tops determined. Stakes 
are set exactly half way between the rows of cane to be studied and 
the contiguous rows on both sides. A cord is stretched around the 
four stakes enclosing the cane stools under study. Then the excava- 
tion is begun within this area and all soil removed to a depth of 8 
inches care being taken that the excavation does not exceed 8 inches 
in depth. As the earth is removed from the area studied, it is thrown 
in a wire screen of mesh placed at one side of the excavation. 

The screen separates the roots from the soil. All the roots found in 
the top-most 8-ineh layer represent the mass of roots of the 5 or 10 
stools in the top-most 8 inches of soil. The roots from the top-most 
8-inch layer are then collected in bags, labelled and held until the 
complete excavation has been made. Deeper excavations are then 
started and the roots separated for every 8-inch layer until the desired 
depth is attained, which is usually that point where the quantity 
of roots found is negligible. The roots from the various soil levels 
are then washed, separately air-dried, and oven dried, until all 
moisture is removed and weighed. 
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Following this metliod which is very accurate, the distribution 
of roots at various soil depths is determined with certainty. Lee (2), 
(3), prefers this quantitative method to the expensive, and alinost 
impossible task of longitudinal measurements since the weights of 
roots may possibly be even better index of the absorbing surfaces. 

Gomez (1) followed Lee’s method for the study of the distribu- 
tion of sugar-cane roots in certain soil types of Puerto Rico. 

Nutman (4), (5), (6) has studied the root system of coffee, 
Coffee arahica L., in various soil types of British East Africa using 
various methods. 

Where water wms readily available Nutman studied the root sys- 
tem of coffee by w^ashing the soil with fine jets of water under pres- 
sure. The soil w^as w^ashed in layers and the roots exposed and fol- 
lowed to their terminations. The roots were pegged in their posi- 
tion on the soil face by means of long, pointed steel rods. When 
the roots of the whole selected sector 'were washed out, and the roots 
pegged in their natural positions a string grid of 1 ft. mesh was 
then erected and the root system drawn to scale in the field. Where 
water was not available, excavation was performed by hand with the 
help of hammers and chisels. 

But Nutman (6) used furthermore the following method which he 
claims to be more accurate. This consists in digging a trench with 
one face 8 to 9 inches from the trunk of each experimental tree. The 
soil is then washed away in adequately measured 1 ft. cubes by a 
jet of water of inch diameter and 10 pounds of pressure. The 
soil washed is examined and all roots from each cube are collected, 
washed, labelled and preserved. Then all the feeding roots are meas- 
ured from a selected section of the root system. In this w^ay it is 
determined by trees the distribution of the feeding area at various 
soil depths. 

In addition Nutman (5) has studied the effect on the coffee root 
system of various soil conditions, such as presence of hardpans, 
aeration, height of the water table, soil reaction, manurial treatments 
and cultivation methods. 

Trench (7) after studying the root system of coffee trees in 
Kenya carefully removed by washing, comments that the root system 
of coffee can be materially affected by environmental factors and 
that it can be modified by wise guidance and suitable treatments for 
proper development. 

In the United States of America, Weaver and his associate (9), 
(10) have studied intensively root systems of numerous plants 




the: jguenal op agricultuee op the univbesitt op p. r, 


PHOTO. No. 1. Method of excavation; every Mock represents on© cubic foot of soil. 
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in various regions of that country. His method consists in working 
into the side of a trench with hand tools and folowing.iip the roots 
by breaking away the soil. Once exposed, the entire root system 
is™ drawn to scale in the field. 

After a critical study of the work done and the results accom- 
plished by the investigators just mentioned, the writers developed 
a new method wdiich is really an outgrowth of the methods developed 
by Lee (2), (3), Gromez (1) and Nutnian (6) but which is thought 
to be more adaptable for the study of the root system of coffee in 
our prevailing soil and climatic conditions. 

Before going into the details of the method used in this prelimi- 
nary study, an account will be given of the conditions of the trees 
studied and their environment. 

Gonditions Eelative to the Soil and Coffee Trees- Studied on a 
Eepresentative Soil Type of Puerto Rico 

The six coffee trees selected for this study were located at the 
farm of the College of Agriculture and Mechanic Arts at Maya- 
giiez, P. R. 

These trees were growing in a 2-aere terrace of soil belonging 
to the Coloso Clay type and surrounded on tw’o sides by a small 
stream and hills of low elevation of Catalina Clay. The Coloso 
Clay found in this terrace originated from allmdal and colluvial 
deposition of the stream and the neighboring hills. Terraces of this 
nature and soil type are quite abundant in the coffee region of 
the island. The drainage of this soil is poor during the rainy season 
due to the high level of the water table. This soil has been found 
to beuiuite productive when proper drainage systems are made. The 
physical and chemical analyses of this type of soil are shown in 
tables III and IV. The average annual rainfall foi* this region is 
81 inches. 

The six coffee trees used for this study were 7 years old. The 
average size of these trees was 299.16 cms. high, 159.66 cms. wide 
and of a trunk diameter of 3.70 cms. The individual sizes of all 
trees is shown in table VIIL The general vegetable conditions of 
the teees is shown by tree No. 6 in plate 3. All the trees studied 
belong to the arabian coffee type, Go arahica L,, which is the 
coffee variety extensively planted in the island. 

The general conditions of the field where the excavation was per- 
formed .may be described as follows : The coffee trees were planted 
systemaiieally in rows at 8 ft. X 8 ft. under legnmuious sliade trees 
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of (I^*) Britton, and ‘^giiama’V laurina 

(Sw.) Wind., planted at an approximate distance of 16 ft. X 16 ft. 
Tlie agricnltnral operations effected rearly consisted in weeding with 
a ''machete^’ two or three times, and pruning the shade lightly after 
picking the crop. No fertilizer was ever applied to the trees in this 
field. 

The excavations of the root system were started on February of 
1937 and finished on May of the same year. The trees were in bloom 
when the tops were cut off. 

Method op Procedure 

For this study, six contiguous trees were selected in one of the 
innermost rows of the field. The tops were cut close to the soil 
surface and the green Aveights of the stems, leaves and lateral branches 
were obtained by direct \veighing in the field. The dry weights of 
these same parts ivere obtained later after drying in the sun and in 
electric ovens. Table VTII shows the green and dry weights of each 
tree. 

Once the tops were removed, stakes ’were placed halfway betw^een 
the row of coffee trees to be studied and the neighboring rows on 
both sides. A cord was stretched around these stakes thus marking 
a total area of 384 sq. ft. equivalent to an area of 64 sq. ft. corre- 
sponding to each of the six trees. The position of the stakes, the 
top-most total area excavated and the planting distance of the trees 
is shown in text figure No. 1. 

The area corresponding to each tree was then divided in squares 
of one sq. ft, each by means of 5-inch nails and cords. The excava- 
tion was begun, and the soil was removed in blocks of exactly one 
cubic foot in the 64 sq. ft, area corresponding to each tree. The 
depth of excavation was carefully checked with a 12-ineh hand ruler. 
The roots found in each cubic foot excavated per tree and per layer 
were separated from the soil by a wire screen of ^4 mesh and 
by hand. The roots found were collect ed in cloth bags and taken 
to the laboratory where they were washed and spreaded under shade 
until the excess of w^ater was evaporated. Then the green weights 
were determined. Afterwards the roots found in each cubic foot were 
dried in electric ovens to determine the dry weights. The same was 
done with a second layer to a depth of 24 inches, with a third layer 
to a depth of 36 inches, and to a fourth layer to a depth of 48 inches, 
in which layer the amount of roots found was very small. Details 
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concerning the excavation and separation of the roots from the 
soil are shown by plates Nos. 1 and 2. 

The excavation by enbic foot was controlled by an excavation 
map specially prepared for the total area to be excavated for each 
tree, by numbering each block. The excavation map of the root 
.system of the six trees used for the four layers excavated by blocks 
of one cubic foot each is shown in text figures Nos. 3, 4, 5, 6, 7 and 8. 

It was possible to make the excavations by blocks of one cubic 
foot due to the stiffness of the clay contained in the. soil. It is real- 
ized that in loose soils this method is impracticable, but it is claimed 
to be the most accurate method for the study of root systems in clay 
soils because it makes possible to determine not only the quantities 
of roots at different soil depths but also the distribution of the roots 
in definite lateral areas. In other words, this method determines 
the lateral spread as w^ell as the vertical penetration of the roots 
studied. 

It is expected that some of the roots of the trees under study 
have extended on both sides beyond the excavations limits, but in a 
field planted at uniform distances, the loss of roots beyond the limits 
of the excavation are compensated by the roots of the trees of the 
neighboring rows which extend into the excavation. This idea ad- 
vaneed by Lee (2), (3) is applicable to systematic root studies in 
fields planted out at uniform distances ; the types of field that should 
be used in studies of this nature. 

The two major handicaps in the execution of this study were, the 
search for a systematic plantation, wdiich are still few in the island 
and the separation of the coffee roots fr^m the roots of neighboring 
shade rtees, as all coffee is grown under shade in Puerto Rico. 
This separation was possible by a thorough study, previous to the 
excavation of the rot systems tinder study, of the roots of coffee, and 
the shade trees in tlie vicinity. The morphology, color and odor of 
the coffee roots is typical, but in order to avoid any errors, as the 
separation of the roots from the soil was done by laborers, the roots 
found in each cubic foot excavated were thoroughly inspected by 
the writers and the roots of the shade trees disearded. 

The writers also admit that the green weights of the roots are 
not completely accurate. There is the possibility for some water 
to be lost, thru the necessary handling during the excavation, separa- 
tion and weighing, but if care is taken to perform under shade all 
the operations involved in the excavation, separation, washing and 
drying until the excess of water brought in by the washing is re- 






PHOTO. Ho. 2. Method of screening roots as the different blocks of soil were excavated. 
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moveci it most be realized that there is accuracy in the method used 
for the determination of the green weights. Although before start- 
ing the study, the difficulty involved in the determination of the 
green weights of the roots was appreciated these were obtained in 
order to compare the ratios of tops to roots based on the green and 
dry weights of both parts of the trees. 

Results 

NINETY-FOUR PERCENT OP THE COFFEE BOOTS WERE FOUND IN THE 
TOP-MOST 12 INCHES OF SOIL: 

That 94 percent of the roots were present in the top-most 12 
inches of soil is shown by the following tables I and II in which the 
greatest quantity of roots of each of the six trees was found in 
the top-most 12 inches of soil. 

The quantity of roots decreases tremendously from the 12-inch 
level downward to the depth of 48 inches at which the quantity of 
roots found was negligible. A small amount of roots -was found for 
trees Nos. 3 and 6 at a depth of 48 inches. Aeeordiiig to the 
figures, it is shown that 94 percent of all rots wms found in the top- 
most 12 inches and that practically the whole root system of seven- 
year old coffee trees growing in Coloso Clay is found in the first 24 
inches of soil, since 99 percent of all the roots of the six trees under 
study were excavated above the 24-meh level, (see Photos. 4 and 5.) 

THE PERCENTAGE OF ORGANIC MATTER IS HIGH IN THE 
COLOSO clay TOP-SOILS: 

There was 2 percent of organic matter in the top-most 12 inches 
of soil as indicated by table III. This is remarkably high for Puerto 
Rican soils. The quantity of organic matter decreases tremendously 
at lower depths. The high content of organic matter in the first 
layer is undoubtly due to the aeumulation of leaves and other yege- 
table remains of the coffee, shade trees and weeds. The high content 
of organic matter may have a direct influence on the development 
of more roots at the surface, although the effect of better aeration 
of surface layers is also a factor to be eonsidered. 

As shown also by table III, the percentages of silt and clay wms 
practically the same at all soil levels while the percentage of total 
sand Avas greater at the 36 and 48 inch level. 

The high percentage of clay, and average of 72 percent, makes 
this a distinctly clay soil. 






PHOTO No. 3. The size and vegetative conditions of one of the 
six trees studied. 
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THE PRINCIPAL PLANT NUTRIENTS ARE PRESENT IN FAVORABLE 
QIJANTmES AT THE SOIL LEVELS STUDIED: 

Upon examiiialion, table lY shows that the nit ro geo and potash 
are present in rather high qiiantities, while pliosphoriis is present 
in low quantities. The quantity of these three nutrients is praeti- 
caliy the same at all depths. 

The pH, on the average 4.6, indicales that the soil reaction is 
deeidely acid. The content of calcium was extremely low and as 
well as the pIT, was practically the same for all soil levels. The iron 
was present in higher quantities at the 36 and 48-inch levels while 
alumninum was present in lower amounts at these same levels. 

The percentage of moisture although higher at the first layer 
was practically the same at all the other soil levels studied. 

Magnesia is present at all soil depths in greater quantities than 
calcium. 

In general, according to the chemical analysis shown by table IV, 
the Coloso Clay is a good soil. It has proved to he productive for 
sugar cane growing specially in dry years and when using the gran 
banco” system of planting Avhich provides adequate conditions of 
drainage. 

In text figure 2 the distribution of the coffee root system is shown 
in relation to the root weight and physical and chemieal soil analyses 
of the different soil layers. 

A HEAVY TOP; IS NOT DEPENDENT ON A .STRONG AND HEAVY 'ROOT SYSTEM: 

In tables Y and Y1 is shown the advantages of the new method 
used for this study. 

, In table Y, in the first ' layer, of ' the 384 eu. ft. excavated for. 
the six trees, only 242 cu. ft. were found witli roots and the number 
of cubic feet found with roots decreased enormously in the other 
three layers. In the fourth layer, of 384 cu. ft, excavated, only 
4 eu. ft. Avere found with roots and these belonged to the root sys- 
tems of trees Nos. 3 and 6. Text figures 3 to 8 sliow the advantages 
still more dearly since in tlie excavation maps for each tree, the 
lateral extension and vertical penetration of the roots is indicated 
by the dry weights of the roots found in each cubic foot excavated. 
Upon examination, each individual ' excavation map shown in text 
figures 3 to 8, gives an aproximate idea of the form of the root 




PHOTO No. 4. Quantitative distribution of roots found per tree and per layer in the six coffee trees studied. 
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system of eaeli 7-year-old eoiFee tree in this type of soil. According 
to the dry weight of roots found per cubic foot per tree and to the 
position of the blochs of soil found with roots, the form of the root 
system is that of an inverted cone of rather short height. It is also 
shown in text figures 2 to 8 that the vertical penetration of the root 
system is 4 feet and the lateral extension is approximately 4 feet 
also. 


Table V 

DISTRIBUTION OF ROOTS AT DIFFERENT SOIL DEPTHS IN RELATION TO 
TOTAL VOLUME OF SOIL EXCAVATED AND TO VOLUME OF SOIL WHERE 
ROOTS WERE PRESENT 

Quantities of Roots, Dry Weights 


Layer depths 

Total weight 
of roots per 
layer of six 
coffee trees 

Total cubic 
feet excavated 
per layer 

Weight of roots 
X)er layer per 
cubic foot 

Cubic feet 
excavated 
where roots 
were found j 

Weight of root 
per cubic foot 
where roots 
were found 


Grams 


Grams 


Grams 



1175.18 

384 

3.060 

242 

4.86 

ir-2rL., 

{>3.26 

384 

0.140 

103 

0.61 

24"-3r/' 

8.72 

384 

! 0.020 

35 

0.32 

36"~48''.... 

0.67 

384 

0.002 

4 

0.17 

Total 1 

1247.83 

1536 


384 


1 

i 






In table VI, is shown that of a total of 256 cn. ft. excavated 
for each of the six trees studied, the number of one cubic foot blocks 
eontaining roots fiuetiiate between 51 and 76 blocks. 

The trees with the heaviest root systems, Nos. 2 and 6, do not 
have the most extensive root systems since all their roots "were found 
in 65 and 57 one-eu. ft blocks respectively. If table 8 shown later 
is examined, it will be noticed that trees Nos. 2 and 6 do not possess 
the heaviest tops. 


Table VI 


WEIGHT OF ROOTS PER CUBIC FOOT OF SOIL PER TREE 


, ' Tree number 

! ■ ' ' 

' Dry weight 
; of roots per 
tree ■ 

1 

!■ ■■ . ■ 

Total cubic 
feet excavated 
per tree 

Weight of roots 
per cubic foot 

Cubic feet 
where roots 
were found 

Weighi of roots 
p(‘r ciihic foot 
where roots 
occurred 


Grams . 


Grams 


. Grams ' 

l....t.v. ...... 

167.35 

256 

0.65 

62 

. 2.. 70' 

2.,..'. ... .. , 

300.36 

256 

1.17 

"65 

'. .4,62' 

3... 


266 

0.82 

73 

2.iK) 

4.'... 

120.76 

256 

0.47 

. . 51. 

2.37 

. 

196.79 

266 

0.77 

76 

2.69 

6.................... 


256 

0.98 

57 

4.39 
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With the exception of tree No 4 the figures for the dry weights 
•of tops and roots and number and position of the one-cubic foot 
blocks excavated for each tree found wnth roots, indicate that a 
heavy top growth is not dependent on a heavy and extensive root 
system. This is in accord with Lee’s (2), (3) and Gomez (1) in- 
vestigations on the root systems of sugar cane in Hawaii, the Philip- 
pine Islands and Puerto Rico. 

THERE IS NO FIXED RATIO OP TOPS TO ROOTS IN COPPEE TREES: 

Studying the figures for green and dry weights of tops to roots 
ratio since it is different for all the six trees studied. Based on the 
total dry weights of the tops and roots of all trees, the ratio of tops 
to roots ratio is 7. Inasmuch as these figures are practically equiv- 
alent it may be stated that the ratio of tops to roots is aproximately 
8, taking in consideration either the dry or green weights of both 
parts of 7-year-old coffee trees. 

In table VII information is given also regarding fertilizer ap- 
plications and moisture conditions of the six trees studied. 

THE TRUNK DIAMETER OP COPPEE TREES IS A GOOD INDICATION OP A 
HEAVY TOP AND A STRONG ROOT SYSTEM : 

In order to understand clearly the possible interrelationships 
between certain botanical characteristics of the tops and roots of 
the trees studied, table VIII was prepared. 

This table shows the following: 

(a) That the average tree size for the trees used in this study 

has a height of 299.16 cms., almost 10 ft.; 159.66 ems. 
or 5 ft. 4 in, of lateral spread and a trunk diameter 
of 3.70 cms., approximately 1% in. 

(b) That the average tree top and root system in this series 
. " weighed 1849.16 ■ grs. and 207.97 gx'S. (dry., weight) 

. respectively. 

(c) That the trunk diameter of coffee , trees was more in- 

dicative of a heavy, top. and a strong,, extensive,:, .root 
system than either the height or lateral spread. The 
figures in table VITI show this clearly ; with 

a trunk diameter of 4 ems. or above are in general the 
trees having the heaviest and most extensive root sys- 
tems. For compai’ing the root extensiveness of the six 
' trees, refer to table VI. 
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Table VII 

RATIO OF TOPS TO ROOTS OF EACH TREE BASED ON GREEN AND DRY 
WEIGHTS AND ITS RELATION TO AIOISTURE AND FERTILIZER 


Dry Weights 


Tree number 

Fertilizer 

applied 

Average per- 
cent of soil 
moisture for 
all layers 

Tops 

Roots 

Ratio of tops 
to roots 

1 

None 

22.93 

22.93 

22.93 

22.93 

22.93 

22.93 

Grams 

1.642.00 

2.038.00 

1. 925.00 

1, 471.00 

2. 094.00 

1.925.00 1 

Grams 

167.35 

300.36 
212.22 
120 75 
196.79 

250.36 , 

9.81 

6.78 

9. or 
12.18 
10.64 
7.68 

9 

None 

3,.. 

None 

4 

None. 

5... 

None.. . . 

6. 

None 

Totals 


1 1..... : 

• 11,095.00 : 

1,247.83 

8.88 


Green Weights 


None 

22.93 

2, 500.00 

338.09 

7.39 

None 

22.93 

3,500.00 

591.81 

5.91 

None 

22.93 

3, 100.00 

404.08 

7.67 

None 

22.93 

2,050.00 

263.98 

7.76 

None 

22.93 

3, 400.00 

396.95 

8.57 

None 

22.93 

3, 100.00 

526.28 

5.89 



17, 650.00 

2, 521 . 19 

7.00 
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Other information that can be obtained from table VIII is in 
relation to the water contents of uprights, lateral and leaves and 
roots. Based on the dry and green weights, there is approximately 
5€ percent of water in the uprights; 23 percent in the lateral 
branches and leaves, 39 percent in the whole tree tops and 50 percent 
In the roots. The figures definitely indicated the woodineas of the 
ioffee tree. 

Discussion and Conclusions 

Recognizing the necessity of fundamental knowledge regarding 

root system of coifee in Puerto Rico in order to be able to in- 
troduce better agronomic methods for growing this crop and to he 
able to 0 ‘ffer definite explanations for failures attained, the present 
study was undertaken. A new method was used endeavoring to 
obtain abundant as well as accurate and reliable information. This 
method, consists in excavating one-cubic foot-blocks of soil in definite 
Tolumes of soils corresponding to each of the trees under investigation. 
The green and dry weights of the roots found in each cubic foot of 
soil is obtained and by using an excavation map for each of the root 
systems, the weight as well as the vertical and horizontal distribution 
of the roots excavated for each tree is obtained. The method used, 
just mentioned is the outgrowth of methods previously used by Lee 
.(2, (3), Nutman (6) and Gomez (1) for studying the root systems 
of sugar cane and eo'ffee. 

Lee (2), (3) trying to get a quantitative distribution of the 
roots of sugar cane at different soil levels designed and successfully 
executed an accurate, fast, practicable and relatively inexpensive 
method of studying root systems of plants which has been fully 
described. Using Lee’s method, no roots are lost since these are 
carefully separated by screens and by hand as the soils is excavated 
by 8-inches layers at several depths. By weighing the roots exca- 
vated by layers, an accurate distribution of the roots of the plant 
studied at definite soil depths is obtained. However, no information 
is obtained as to the laterah extension of the roots. Lee’s method 
has the further advantage that it is practicable under conditions 
naturally existing in commercial fields. 

followed Lee’s method for studying the root system 
of sugar cane in the western part of Puerto Rico and obtained useful 
and practical information. 

Weaver and his associates (9), (10) studied intensively the root 
systems of many different plants in the United States by working 
into the side of a trench with hand tools and following up the roots 
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by breaking away the soil. Once the root system is exposed, it is 
drawn to scale in the field. 

Altliongii Weaver’s method gives information as to the vertical 
penetration and lateral extension of the root systems, it must be 
recognized that a certain quantity of small roots must be lost neces- 
sarily in stiff soil since a soil of this nature breaks out in lumps of 
various sizes. The loss of these small roots will affect the results 
obtained because no accurate information can be obtained regarding 
the location of the real absorbing area of the root system. Besides, 
the information obtained in relation to the lateral extension of the 
roots is not representative because the roots do not probably extend 
to the same distances in all directions, taking as axis the trunk of 
the tree and its prolongation, the central root. In other words 
A¥eaver’s method gives good information if the vertical penetration 
and lateral extension of the principal roots of the entire root system 
is desired, but since a certain quantity of the roots is lost, is impos- 
sible to get the real location of the absorbing surfaces at different soil 
levels. 

Nutmaii (6) has used two methods for the study of the root sys- 
tem of coffee in Kenya. The first is very similar to that developed 
by Weaver and his associates (9), (10). The second method, which 
according to Nutman is possibly the most accurate method for study- 
ing the root system of plants consists, briefly, in washing away the 
soil in 1 foot cubes with fine jets of water at a definite selected 
section of the root system. The roots found at each cube are washed 
and the total length of the feeding roots measured. 

The disadvantages of this method are obvious. In computing the 
total feeding area for the entire root system, it must be assumed 
that the average diameter and concentration of the root hairs is 
constant, a great percentage of the total roots is ignored since only 
a section of the entire root system is studied and the longitudinal 
measurement of the feeding roots must be necessarily a complicated 
and expensive procedure. Nutman developed this method believing 
that the longitudinal measurement of the feeding roots is the best 
indication of the absorbing area of the tree. But that the quantita- 
tive determination by weighing the roots is as good an indication of 
the absorbing eapacily of the root system as longitudinal measure- 
ments, was first advanced and proved by Lee (2), (3) and later cor- 
roborated by Gomez (1) and the vrritex’s. Besides, although Nutman 
insists on longitudinal measurements, the figure obtained with his 
method (6) indicate that the greatest concentration if feeding roots 
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occur in the top-most 12 inches of soil which definitely establishes the 
fact that the weight of roots at definite levels is an accurate means 
of determining the location of the absorbing area of the root system. 
This is to be expected since the concentration of large numbers of 
feeding roots although of small size and weight will affect the total 
weight of the roots found at a definite soil depth. 

Nutman’s (4), (5), (6) intensive works on the root system of 
coffee in various types of soil in Kenya, have undoubtly contributed 
to explain and solve important problems related with the coffee 
industry of that country. 

Nutman (5) also studied the effects of various soil conditions in 
modifying the root-growth of coffee trees and found that in general, 
hard-pan has little effect on root development ; lava, mud-stone gravel 
strata and high watei*-iabie cause penetration to be inhibited in 
greater or less degree and that the acid limit of satisfactory growth 
is at a pH of 5.8 to 6.00. 

According to the results obtained in this study 94 percent of 
coffee roots of 7-year-old trees in Coloso Clay are found in the top- 
most 12 inches of soil. These results generally agree with Nutman ^s 
results in Kenya (6) by which he found the greatest concentration of 
roots in the top-most 12 inches of soil, with Lee’s (2) results in which 
he found that sugar cane either hilled-up or in furrows, more than 
85 percent of the roots were found in the top-most 24 inches of soil 
and with Gomez (1) results in Puerto Rico in which 51.39 percent 
of the total amount of roots excavated at a depth of from 0 to 48 
inches, is found in the hilled-up and top-most 0-8 inch soil depth. 

However, it is believed by the writers that the concentration of 
94 percent of the total amount of roots excavated is a little abnormal 
and that must be due to an abnormal soil condition, in this case, 
the imperfect drainage typical of the Goloso Clay soil. Prom meas- 
urements taken on individual 2-year old trees in the coffee experi- 
mental fields planted at the Puerto Rico Experiment Station of the 
United States Department of Agriculture at Mayagilez which indicate 
the height, lateral spread and trunk diameter that may be attained 
by trees under proper soil and cultivation, and from observations 
made on individual trees at commercial fields, it is found when com- 
paring the growth of trees used for this study with trees of less age, 
that the 6 trees studied had not developed properly. 

The Coloso Clay Soil being regarded as a productive soil in Puerto 
Rico is not responsible for the growth attained by the trees in 7 
years, but the improper drainage due to special environmental con- 
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ditioiis prevailing in the locality where the excavations were per- 
formed. It is expected that with better drainage conditions the 
growth attained by the six trees would had been greater and the 
penetration and lateral extension of the root system would had been 
greater also at the various soil depths studied. 

Although Coloso Clay is not the most common type of soil found 
ill the coffee region of Puerto Rico it is present at flat, level placeSj, 
near streams in farms where the Catalina Clay is abundant. There* 
fore, it is recomeinnded to provide the coffee plantations growing in 
localities of conditions similar to those prevailing at the place where 
these studies were conducted, with proper drainage so that the growth 
of the trees may be normal and the production of the field, greater. 

The relatively high percent of organic matter of Coloso Clay ac- 
counts to some extent for the greater concentration of roots at the 
top-most 12 inches of soil although the effect of better aeration of 
surface layers is also responsible for a greater quantity of roots to 
be present in the first layer excavated. Nutman (5) found that 
manuriai aplieations always resulted in an increased feeder-growth 
in the neighborhood of the manure. 

Apparently, the texture of the soil and the concentration of the 
principal plant foods do not affect the growth of roots. This applies 
e^specially to the results obtained by this study because with the ex- 
ception of a few figures of the physical and chemical analyses of 
the 4 soil depths studied, the texture and the concentration of nu- 
trients was quite uniform for the 4 layers in which roots were ex- 
cavated. 

Contrary to the common believe that an exhuberant vegetative 
condition of tree tops must be correlated with a heavy and extensive 
root system, the results obtained in this study indicate that the eon- 
ditioiis of growtli of tree tops cannot be considered in figuring the 
conditions of growth of the root system because a heavy top is not 
dependent on a strong and extensive root system, judging from the 
figures shown in tables V, VI and VIII. The results obtained are 
in accord with those obtained by Lee (2), (3) and Gomez (1) in 
their stuides of the root systems of sugar cane in Hawaii, the Philip- 
pine Islands and Puerto Rico. 

According to the figures shown by table VII there is no fixed 
ratio of tops to roots in coffee no matter whether dry or green weights 
of tops and roots are used for determining the ratio. This accords 
with Weaver’s (9), (10) results with studies of the root systems of 
plants in the United States. It may be stated conclusively that the 
ratio of tops to roots of young coffee trees was approximately 8:1. 
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111 selecting: trees with a vigorous and abundant vegetative condi- 
tion at the tops and strong, extensive root systems, the diameter of 
the trunk is a better indication of the possession of these desirable 
characteristics than either the lateral spread or the height. This was 
shown definitely by the figures in tables VI and YIII already ex- 
plained. In the six trees studied, those with a trunk diameter of 4 
cms. or above were the trees wdth the heavier tops and heavier and 
more extensive root systems. 

The new method of studying root systems of crop plants, de- 
veloped by the writers and used for studying the root system of 
coffee, C. arahica L. in Puerto Rico, besides making it possible to 
obtain the information discussed already, enables us to propose a 
description for the root system of coffee based strictly on the results 
obtained. Such root system may be described to have the form of 
an inverted cone with a wide base; the spread of the roots in the 
top-most 12 inches of soil, and a rather small height, the vertical pene- 
tration, There is really no pivot or main' root in the coffee root 
system. The broad, central root noticed in text figure No. 2, is 
part of the stem, buried as a result of a tendency of our farmers 
to plant the coffee seedlings too deep into the planting holes. At 
a very short distance from the collar of the stems (the collar is 
regarded as that point in between the stem and the root system) a 
number of roots are found spreading out laterally and vertically 
which have a greater diameter than any other roots in the system. 
These main or primary roots give rise to secondary and tertiary roots, 
each of smaller diameter, and largely on the tertiary roots the root 
hairs are originated. According to the I'esults obtained and the 
observations made in the field, the tertiary roots with root hairs are 
present in great quantities in the top-most 12 inches of soil and they 
originate at any point or distance from the center of the root system. 
The tertiary roots with the root hairs may originate at any part 
of either the main or secondary roots. It must be explained that 
the terminology of main, secondary and tertiary is based on the 
diameter of the roots and not on a systematic branching, in other 
words, tertiaries wnth root “hairs have been observed to occur even 
on the buried stem adjoining the root system. 

Prom the description of the root system just proposed it may be 
concluded that the absorbing area of the root system of coffee is not 
confined to definite places on the soil, but is evenly distributed in 
all places penetrated by the main and secondary roots. 
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Application op the Eesults Obtained 

tlie results obtained thus far need further conflrniationj 
with the information gathered, it is possible to make some recom- 
mendations for the improvement of agricultural operations followed 
in the coffee plantations as follows : 

(a) The greatest quantity of roots, 94 percent of the total 
roots excavated for the six trees, is found in the top- 
most 12 inches of soil. 

(h) In the top-most 12 inches of soil, the roots of some of 
the trees extended laterally more than four feet. 

(c) The maximum vertical penetration of the roots of most 

trees is three feet. 

(d) The high content of the organic matter of the ex- 

cavated at the top-most 12 inches and the better aera- 
tion of surface layers are apparently responsible for 
the greater quantities of roots found in the top-most 12 
inches of soil. 

In view of these facts, the young coffee tree is a surface feeder 
and shade trees or crop plants such as oranges and bananas should 
never be interplanted with coffee because of similar root-habits. In 
case, bananas are used to provide shade to the young coffee seedlings, 
the banana plants should be eliminated as soon as the permanent 
shade trees provide the coffee with the desired shade. Also, the ex- 
cessive number of shade trees per cnerda, usually noticed in the 
plantations should be eliminated in order to reduce the competition 
for plant food to a minimum. 

Coffee seedlings should always be planted at a minimum distance 
of 8 ft. X 8 ft. This is shown clearly in the first layers of the ex- 
cavation maps (text figures 3 to 8) of most trees. The roots in the 
top-most 12 inches extended laterally 4 ft. or more showing that 
young trees in a relatively small number of years need and indivi- 
dual area of 64 sq. ft. for the development of the roots. 'When it 
is supiiosed that older trees will develop stronger and more extensive 
root systems it is realized that the minimum planting distance must 
be at 8 X 8 ft. Therefore, a cuerda of coffee should not have more 
than 625 coffee trees in order to provide an adequate land surface 
from which to withdraw an ample supply of plant foods. 

The surface-feeding habit of coffee trees specially while young 
requires deep soils for a reasonable amount of growth and produc- 
tivity. Many failures to grow coffee on shallow soils have been re- 
corded. 
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8.1050 

5.3400 

2.2678 

0,1786 

0 


o 

0 

0.1230 

1.1730 

0.806^ 

0.3111 

0.4188 

0 

BUS 

B-11^ 

B-115 

B-ne 

BUT 

B118 

Bill 

B120 


B-113 

B-m 

B115 

8116 

B-117 

8-118 

B-m 

B-120 

0 

0 

O 

2.5502 

1.7374 

0.1434 

o 

0 


O 

0 

O 

0.2008 

a0456 

0 

0 

O 

B121 

B-122 

B123 

B-m 

B-125 

B-126 

B127 

B128 


1!121 

B122 

B-123 

6124 

B125 

B126 

B-R7 

B-128 

O 

O 

O 

0.4678 

0.3518 

0 

0 

o 


o 

O 

C 

0.0772 

O 

0 

o 

O 

ThirJ! 

ayers 24-36' 






Fourth layer*. 56"- 48' 





B-65 

B66 

B-67 

B-6S 

B-61 

B-70 

|B71 

B-72 


B'65 

B66 

B87 

B68 

8-61 

B-70 

B-71 

B-72 

0 

0 

0 

0 

O 

i o 

1 '0 

■ O 


0 

0 

0 

0 

O 

1 0 

0 

0 

B.73 

B-71- 

B-75 

B'76 

B-77 

B-75 

B71 

B-80 


B-73 

B74 

B75 

B76 

B77 

B-78 

B71 

B-ao 

0 

0 

o • 

0 

0 

0 

0 

0 


0 

0 

C 

0 

0 

0 

0 

0 

B-81 

B-8Z 

B-03 

h'm 

B'85 

B-86 

B-87 

B-88 


B81 

B8e 

B-83 

B84 

B-8S 

B-86 

B-87 

B-86 

O 

0 

0.1005 

0.0400 

O 

0 

0 

0 


O 

o 

0 

O 

O 

O 

O 

0 

Ban 

BIO 

B-71. 

B-32 

B78 

B-74-^ 

B-15 

B-16 


B81 

MO 

B31 

B-12 

B-13 

B-14 

BIS 

B16 

0 

O 

O 

0 

0 

0 

0 

0 


O 

0 

0 

0 

0 

i ^ 

0 

0 

ilT 

B15 

BH 

Bloo 

B-101 

B102 

B-103 

B-104 


B-17 

B18 

B-11 

BlOO 

B-101 

B-102 

BIOS 

B104 

‘ 0 

0 

0 

0.6730 

01780 

0 

0 

0 


0 

0 

0 

O 

0 

O 

0 

O 

B-105 

B-toe 

Bior 

B-108 

B 101 

B 110 

Bill 

BT12 


B105 

B106 

B107 

B-106 

8-101 

B-110 

B-111 

B112 

0 

0 

D 

0 

0.0254 

0 

0 

0 


O 

0 

0 

O 

0 

0 

O 

0 

;Bm 

B-in 

B-115 

B-116 

B-m 

B^llB 

B-111 

B120 


B113 

Bill 

B115 

B-116 

B-lt7 

'B'118 

B-111 

B120 

i o 

o 

O 

0 

0 

0 

0 

O 


O 

0 

O 

0 

0 

0 

0 

O' : 

! B-K1 

B122 

B-123 

8-127- 

&125 

B126 

B127 

B 128 


B121 

B122 

B123 

8124 

iB125 

B-126 

B-127 

B128 

. O 

0 

O 

Q 

0 

0 

0 

O 


O 

0 

0 

O 


0 

r O 

0 


bioctCnuinlier^ 1,205e>»<lry wcisjM m of fooU iv\^6he cubic ofsovlj 

4»loc5ition of trcetruni:^^ 0» blocks without »'oo\s. 

D'ta<jrdm in«!icatin<| diry weight of roots per cubio foot of $oi\ cxca^vated m eaicH Uyer of 
tree 2. 

Tckt fi<|afe no.4 
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STUDIES OF THE ROOT SYSTEM OP COFFEE ARABICA h. 


Tf ee noA 


ayei**: C-tZ* Second layer - 2^" 


fil2i 

B-130 

B-131 

B-132 

B-t33 

6 m 

B-155 

6136 


£121 

£•150 

B131 

B152 

B-m 

B-t34 

'B-135 

£-136 

I" 0 

0 

0 

0.5132 

D.5557 

0.0404 

0.0518 

0.4178 


0 

0 

0 

0 

0 

0 

0 

0 

i-m 

im 

6134 

B-HO 

6 141 

Bn? 

B143 

£-144 


6157 

Bt58 

B151 

6-140 

B-Hl 

B-H2 

B-143 

6141 

0.0027 

0 

0.0270 

0.2748 

0.1680 

0.2777 

0.2120 

0.0012 


0 

0 

0 

0.1488 

0.6322 

0 

0 

0 

B-145 

£•146 

B-147 

B-148 

B-H4 

6150 

£151 

£-152 


£-145 

B146 

£147 

£148 

B-141 

B-t30 

B151 

B-152 

0.0268 

0.0077 

0 

0.5308 

1.5154 

2.1248 

0.1217 

0.1114 


0 

0 

0 

0 

0.24^40 

0.1214 

0 

0 

B-t55 

3-m 

£155 

B-156 

£-157 

£-158 

£151 

£160 


B -155 

B-154 

B-155 

6-156 

B157 

£158 

B151 

B-l<50 

A0110 

0.81<M 

1.7728 

1.2538 

8.4284 

74712 

0.8512 

0.076$ 


0 

0 

0.2544 

0.2134 

0.2712 

0 

0 

0 

5t6t 

£•162 

£163 

6-164 

B-16S 

B-166 

£-167 

B-168 


£161 

B-162 

B-163 

Bl6'f 

6-165 

6166 

B-167 

il68 

0 

0 

2.1461 

106.52 

4.8424 

27.2188 

0 

aoaia 


0 

0.1138 

0.83Z3 

1.8114 

tim 

0.8&2O 

0 

0 

B-t61 

£•170 

J-171 

6172 

6-173 

£-174 

6-175 

B-176 


B161 

B*t70 

B-171 

B 172 

6173 

B-m 

B-m 

8-176 

0.W 

0.1826 

2.W> 

1.1652 

10.8420 

5.4560 

0,42'i6 

0 


0 

0.2770 

0.1824 

14356 

0.4230 

o-ssaa 

0.0706 

o' 

B*t7t 

5-176 

£-m 

6-180 

6-181 

B-162 

£185 

£184 


6-177 

£-170, 

B-m 

£160 

B-1B1 

B-182 

B-1fi3 

£101 

0 

0 

0.W 

0.6348 

1.4670 

0.4746 

0.2610 

0 


0 

0 

0 

04804 

0 

0 

0 

0 

l&t65 

£-186 

^5187 

£•188 

£181 

£-110 

£171 

B-112 


6-185 

£-186 

B-187 

B-188 

B-161 

£110 

B-m 

£112 

0 

0 

0 

0.2461 

0.1888 

0.0156 

0 

0 


0 

0 

0 

0 

0 


0 

0 

Third layer: 24 ** 30 “ 






'ourih layer •• 36* 48" 





J-K1 

6-130 

£•151 

J-132 

£133 

£134 

£135 

6-1S6 


£121 

£130 

6-151 

£155 

£153 

B154 

B-155 

6-136 

0 

0 

0 

■ 0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 ’ 

0 

0 

■B-m 

B-m 

6-151 

£140 

B-141 

B-142 

£143 

£144 


6-137 

£158 

B-151 

£140 

6-141 

6 142 

B-m 

6-141 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 


£146 

B-147 

6-148 

£141 

B-tSO 

£151 

B-15Z 


£145 

£146 

£147 

£148 

6 141 

6-150 

£•151 

£152 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

B-153 

B-154 

6-155 

£156 

B-157 

6-158 

£151 

B-160 


£153 

B-154 

6-1S5 

6-156 

£157 

B158 

6-151 

B-160 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 , 

0 

0 

0 

0 

0 

0 

Bt61 

£-162 

6165 

6-164^ 

6-165 

£166 

6-167 

£168 


£161 

£162 

£163 

£164 

5-16S 

£166 

£1W 

£168 

0 

0 

0 

0-0185 

a037O 

0 

0 

0 


0 

0 

0 

0 

0.1208 

0.3CWS 

0 

0 


B-170 

6-171 

£172 

6 m 

6-174 

6-175 

B- 176 


£161 

6170 

6*171 

6-172 

£175 

B-m 

fi-TO 

1X16 

0 

0 

o.mn 

8.0858 

0 

0 

0 

0 


0.2238 

0 

0 

0 

0 

0 

0 

0 

B-lTl 

£178 

6171 

£180 

Biai 

£182 

6-183 

£184 


£117 

£176 

6-171 

B-180 

6181 

B-Iflz 

£183 

118» 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

B-tes 

6*166 

6187 

6*1S8 

£164 

1-110 

6-111 

B112 


£185 

6- 186 

£187 

Bt88 

£181 

Bt40 

£111 

ITO 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 


block viumlier*, 0,515Z* cllryweic^lil in 4r&m% of r«ot$ in one cubicfoot of 1 »chI^ 
of iireeiranK j 0«Wock-&. wilSciout rooTs 

of to^i> foot of soil oKcavateA Uycr of tire& 3. 

fUytr«no.5 





256 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OP P. R. 


First layer •. 


Tree 

Second (ayer-. t 2-2 


B-m 

B-tI4 

BUS 

Bm 

3-117 

3118 

3-111 

1 


B-113 

3-114 

3115 

B-116 

3in 

BUS 

3111 

3-200 

■O 


G 

10023 

O 

O 

0 

0 


o 

O 

O 

O 

o 

o 

O 

o 

B-261 

B-2oa 

B2CO 

B204 

3205 

3205 

3207 

3 208 


3201 

3-20Z 

3-203 

3-204 

B-265 

B-2oe 

8-207 

3-208 

0.0114 

0.0142 

O 

O 

o 

O 

O 

0 


0 

o 

O 

0 

O 

O 

O 

O 

BZOt 

B-zio 

B21t 

B-2IZ 

3-2M 

3-214 

3215 

3216 


3201 

3-210 

3-211 

B-212 

3-213 

8-214 

B-215 

B-216 

O 

O ' 

I.OS67 

0.0442 

0.0400 

0 

O 

0 


o 

o 

O 

0 

O 

O 

O 

O 

3^-217 

B- 2 ia 

B217 

B-2Z0 

B-Z21 

B-22Z 

3-223 

3224 


B-Z1T 

B-2t8 

3-211 

3220 

3-221 

B-222 

B-223 

a-224 

O 

0.3574 

a037€ 

0.U24 

0.2048 

0.4158 

O 

O 


O 

O 

0.1148 

0.0560 

0.0537 

O 

0 

O 

B-225 

B-Z26 

B227 

B228 

>3-221 

3-230 

3231 

B-232 


3-225 

3226 

3227 

3228 

3221 

3230 

3231 

3232 

O 

0.6624 

4.0136 

72.1130 

2.6314 

0.S014 

O 

O 


0 

O 

0.0112 

3.7660 

O 

0.5112 

O 

O 


BZ34 

5-235 

B-Z36 

3237 

3-238 

Bai 

3240 


3-233 

B-234 

3235 

3-236 

3- 237 

&238 

3231 

3240 

O 

0.2412 

18.5546 

2.6874 

3.1380 

o.sno 

00138 

O 


O 

O 

0.0464 

0.3106 

0.3252 

0.1810 

a0546 

O 

B-2^1 

J-Z42 

Bzia 

B-244 

3-245 

3-246 

3-247 

3-248 


3241 

3-242 

3-244 

3244 

3245 

B-246 

3-247 

B-248 

o 

0.2250 

0.5240 

0.6428 

2.1268 

0.1830 

0 

O 


O 

O 

O 

0 

0.32S6 

O 

O 

O 

iz¥! 

B250 

B251 

3-252 

3 253 

3-254 

3255 

3256 


3-241 

3-250 

3-251 

&Z5Z 

3253 

3-254 

3255 

8-256 

o 

O 

O 

0.061D 

aiosT 

0.1352 

0.2280 



0 

O 

O 

0 

O 

O 

O 

O 

TKird layer 1 






FourU layer-. 

36-46** 





B-M3 

B-111 

B'115 

3- 116 

3-117 

Ib-iis: 

1 3-111 

Ib-zoo 

■ 

B-m 

3-114 

3-115 

3 m 

j-m 

3118 

1 3 111 

3-200 

o 

O 

O 

O 

0 


El 

||R||| 

■ 

MM 


El 

0 

o 

El 

,||g||||||[ 

O 

B-ZOi 

B202 

B-zoa 

3-204 

3-205 

B -206 

3207 

3-208 

■ 

3-201 

3202 

3-103 

3204 

3-205 

B-208 

3207 

8-208 

O 

o 

o 

O 

o 

o 

Oi 

iHBm 



O 

O 

O 

O 

O 

O 

O 

B-201 

B-2t0 

B*21t 

3-212 

3213 

3-214 

B-215 

3-216 

■ 


3-210 

3-211 

8-212 

3 213 

B-2t4 

B- 2 ts 

IZK 

O 

O 

o 

0 

o 

01208 

O 

O 



o 

O 

O 

O 

O 

O 

O 

i-zn 

B-aiB 

B-avi 

3-220 

IrZat 

3222 

B-2a 

322^ 



3218 

3211 

3220 

3221 

8-222 

3-223 

3224 

j 0 

o 

o 

O 

0 

O 

O 

O 

■ 


O 

O 

0 

O 

9 

O 

O 

B-20 

B226 

B-aai 

3r228 

3221 

3230 

3-231 

3-232 


3225 

3-226 

8221 

3228 

3 224 

3230 

3231 

B 232 

o 

0 

0.0100 

0.2616 

O 

O 

O 

0 


O 

O 

O 

0 

o 

O 

0 

O 

B-as 


Ba35 

BZ3C 

3237 

3-238 

3-231 

3240 


3233 

3-234 

B-235 

3-36 

3-23? 

8-238 

3237 

B-240 

Q 

o 

0.0574 

0.1184 

o.o\\o 

0.0230 

O 

O 


O 

O 

O 

0 

O 

0 

O 

O 

Bail 

B-24Z 

B-243 

3-244 

3-245 

3-246 

3-247 

3-248 


3 241 

3-242 

3-243 

3-244 

3 245 

8-248 

B-247 

B-zfd 

0 

O 

0 

O 

O 

O 

O 

O 


0 

O 

O 

0 

O 

0 

o 

o 

Bail 

B-250 

B-2S1 

3'252 

3-253 

3254 

3-255 

3-256 


3-244 

3-250 

B-251 

3-252 

3253 

3-254 

3-25S 

8-250 

o 

O 

O 

O 

0 

O 

0 

O 


0 

O 

O 

O 

O 

O 

O 

' O' 


B* Ms » LtocIC nuwiljei 

of tree tirawK 


j O.O 023 “<jty weicjkt 
ihK^ 0 • WocK* without roo\s 


- of ro4' 


m one cubic Tool 


il>ic foot of Soil', 


Diagram indicatitKj dr^ weight of roots ^er cubic foot of soil excavated in cacK layer of 


Tcjii future no.6 
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STUDIES OP THE ROOT SYSTEM OF COFFEE ARABIOA h. 


Tree naS 


layer: o-ia“ 


B-257 

O 

B-256 

O 

IZ51 

0.0444 

B-260 

00148 



B 


B2S5 

0.02% 

B266 

0.023S 

B267 

0.0447 

B268 

O 

B261 

0.0036 

8270 

00464 

B271 

0.0214 



B274 

0.1060 


B276 

00742 



B-277 

O 



B-262 

0.0820 

B-283 

0.8150 

B-284 

0.5611 

B285 

0.4776 

B-266 

2.4646 

8287 

0.1084 


B 

B 

■ 

8-212 

7.1846 

B213 

4.1830 


B 


B-247 

1.033& 

BE48 

18522 

H 

mm 

B'30l 

24.2416 

B-302 

3.2820 

&-303 

O 


i^j 

B-3oe 

2.WI 

8-307 

0.1132 

H 

B-301 

8.0710 

B-310 

2.1224 

B311 

a 1464 


O 

im 

11518 

B'315 

0.6S70 

8-316 

0.2566 

B-317 

3.4512 

8-318 

4.0612 

B-311 

1.6464 

B-320 

0.3170 


SeeonJ layer 


B'257 

B25S 

525? 

B'2€0 

B-26f 

B-262 

B-263 

5264 

wm 

O 

O 

O 

o 

O 

o_J 

O 









Q 

91 

o 





Bl 









IBI 


O 

o 

o 

0.1168 

0 

0 




5284 

E285 

5266 

B-267 

5 206 

19 



0.072S 

0.5146 

0.0142 

0.0801 

0.1032 

B-2&1 

B210 

B-211 

B-212 

i-213 

B-214 

5-215 

5216 

O 

O 

0.1250 

2.5661 

0.8100 

0.2102 

0 

0 


B-218 

B-211 







O 

0.3488 

919 







B-367 

B308 

B-301 

B-StO 

B-311 


o 


0.1104 

0.7844 

0.8648 

0.4148 

0.0761 


B-313 

B-sn 

B-31S 

B-316 

B-317 

B-318 

B-311 


O 

o 

O 

O 

0.1438 

0.3762 

0.2124 



Thir<llay6r:2V36“ 


B-Z57 

B-258 

B-251 

B-260 

B-261 

5-262 

5-263 

5264 

0 

O 

O 

O 

O 

O 

O 

O 

B-265 

B-266 

B-267 

B-268 

5-261 

5-270 

5271 

5-272 

o 

C 

O 

O 

o 

O 

O 

O 

B-273 

B-274 

5-275 

B-276 

5-277 

5278 

5-271 

B-260 

O 

O 

O 

0 

O 

O 

O 

O 

B-281 

5-282 

5-283 

5284 

5-265 

5-286 

5-287 

5265 

O 

O 

0 

O 

O 

0 

O 

0 

B-281 

B-210 

B211 

B-212 

5-213 

B-211 

5215 

B-216 

O 

0 

O 

00500^ 

0.2154 

O 

O 

0 

B-217 

B-218 

B-211 

fi'300' 

’b-301 

5302 

5303 

5304 

O 

O 

0.1242 

0.1462 

0.3220 

0 

0 

O 

B-305 

B-306 

5-307 

5-306 

B-301 

5310 

5311 

5312 

o 

O 

O 

0 

O 

0 

O 

' o 

B-313 

5-314 

B-315 

5316 

5317 

5318 

5-311 

5320 

O 

o 

O 

O 

O 

O 

O 

O 


FourlK layeiT: 56"A6‘‘ 


5-257 

5-258 

5251 

5260 

B-261 

5262 

5263 

i-m 

O 

0 

0 

0 

O 

O 

O 

o 

5265 

5266 

B-267 

B-26& 

5261 

5270 

B-27t 

5-272 

O 

O 

O 

O 

o 

O 

O 

O 

5273 

5274 

B-275 

B-276 

B-277 

5278 

5271 

5-280 

O 

O 

O 

O 

o 

O 

O 

o 

5281 

B-282 

B-283 

5284 

B-285 

5286 

5287 

5288 

O 

O 

O 

O 

O 

O 

O 

O 

5284 

5Z10 

5211 

5242 

B-213 

5214 

M5 ' 

B-216 

O 

O 

O 

O 

O 

O 

O 

O 

5-217 

B-218 

B-211 

5300 

B-301 

5 302 

B-303 

530^ 

O 

O 

O 

O 

O 

o 

O 

0 

i-365 

5306 

B-307 

5308 
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. STUDIES OF. THE ROOT SYSTEM OF. COFFEE. ARARIOA, 2:5? 

As to planting system, the coffee seedlings should never be buried 
ill the planting holes at time of planting. There is a tendency in 
the farmers to plant too deep which results in the tender new roots 
have to penetrate in hard, less fertile layers of soil affecting' tre- 
mendously the rate and total amount of growth of the whole tree. 
The seedlings should be planted at the same level as that of the plants 
in the nursery, in this way all the good soil characteristics of the 
surface layers give the young seedlings better chances for a strong, 
vigorous development. 

However, the root systems should be gradually induced to pene- 
trate to deeper soil depths so that the roots may resist prolonged 
droughts, and absorb nutrients when the surface layers begin to get 
short of water and plant foods. This may be accomplished by making 
deep holes half way between the rows of trees in which to apply 
vegetable manures and chemical fertilizers. Such holes would in ad- 
dition serve as deposits for fallen leaves and other plant debris. 

In performing general agricultural operations, care should be 
taken to prune and mutilate the least number of roots by using proper 
tools and not operating too close to the tree trunl?:s. This is possible 
by cultivating only in narrow strips half-way between the rows of 
trees. Recently vertical forks have been used successfully by numer-. 
ous farmers because of their adaptability to loosen the soil breaking 
the least number of roots. 

The coffee seedlings is susceptible to stagnant water, therefore, in 
soils with imperfect drainage, drainage ditchs should be provided 
in order to dispose of the excessive moisture. 

The greatest eoneentration of roots being found at the top-most 
soil layer, fertilizer applications need not to be applied too deep. It 
is recommended to loosen the soil slightly under the drip of the trees 
and mix the fertilizer applied with the top soil and mulch. But on 
steep soils the fertilizer must be applied on the individual terraces or 
in shallow pits dug-out at the trunks in order to avoid washing of the 
fertilizer during heavy rainfall. 

The better aeration of the surface layer is responsible to a certain 
extent for the greatest concentration of roots at the top-most 12 
inches, therefore the soil of coffee plantations should be loosened to 
improve the aeration and consequently promote all thei physical, 
chemical and biologic processes necssary for optimum root growth. 
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Summary 

1 . The various methods used by Gomez (1) Lee (2) Lee and Bis- 
siiiger (3), Nutman (4), (5), (6), Trench (7), Venkatramaii (8), 
and Weaver and his associated (9), (10) for the study of the root 
system of plants have been described and discussed fully. 

2. A new method developed by the writers has been described 
and used for the study of the root system of coffee, C. arabica L. in 
Puerto Rico. Briefly, this method consists in excavating* the volume 
of soil assigned to each tree under study by blocks of one-cubic foot 
each and separating, drying and weighing the roots obtained from 
each block. By keeping an excavation map for the root system of 
the trees, the exact position of roots obtained for each block is ob- 
tained, therefore being possible to determine the quantity of roots 
present at the various soil levels excavated and the lateral spread of 
the roots as well. 

3. Ninety-four percent of the coffee roots of all trees were found 
in the top-most 12 inches of soil. 

4. The high percentage of organic matter in Coloso Clay, es- 
pecially in the top-most layers, and the better aeration at the sur- 
face, apparently accounted to a great extent for the presence of more 
roots in tlie top-most 12 inches of soil. 

5. The imperfect drainage conditions existing at localities where 
Coloso Clay predominates affect the development of the root systems 
of coffee plantvs. 

6. Coloso Clay is a productive soil when proper drainage condi- 
tions are provided and the principal plant foods are generally dis- 
tributed uniformly to a depth of 48 inches. 

7. A heavy and vigorous coffee tree top is not dependent on an 
extensive root system. 

8. There is no flxed ** (tops to roots) ratio” in coffee trees, but 
generally the ratio of tops to roots may be figured to be 8 :1. 

9. In selecting trees with vigorous, heavy tops and a strong, ex- 
tensive root systems, the diameter of the trunk is a better indication 
of the possession of these characteristics than either the height or the 
lateral spread of the tree. 

10. There was approximately 50 percent of water in the upright 
stems of coffee trees, 23 percent in the lateral branches and leaves, 
39 percent in the whole tree tops and 50 percent in the roots. 
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11. The absorbing area of the root system is not confined to 
definite places on the soil but is distributed thru-out all places pene- 
trated by the main and secondary roots. 

12. The vertical penetration of roots of 7-year-oid trees is 3 feet 
and the lateral extension is 4 feet. 

13. The results obtained have been discussed fully in relation to 
possible aplications in the performance of agricultural practices fol- 
lowed by farmers in cofiee plantations. 
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THIRD SUPPLEMENT 

TO 

PARTIAL BIBLIOGRAPHY OP VIRUS DISEASES OP PLANTS * 

By Jos:fi I. Otero, Librarian and Melviixe T. Cook, Pathologist. 

Abbot, Earnest] V[ictor] 

Conditions influencing germination of seed cane and stands with 
disease resistant varieties. Sugar Bull. 14(20) : 1-6, 1936. 

This paper contains brief references to mosaic but gives much more 
attention to other diseases. 

Abegg, F. A., & Owen, P. V. 

A genetic factor for curly-top disease resistance in beets {Beta 
vulgaris L.) and linkage relationships. Amer. Nat. (Abstract) 
70(726) ; 36, 1936. 

Acqna, C. 

Sulla natura degli ultravirus. (On the nature of ultraviruses.) 
Rend. Sed. Reale Acad. Naz. Lincei 21 : 593-599, 1935. 

Adams, J[ames] P[owler] 

The curly top virus on spinach. Canning Trade 59(10): 7—8, 
1936. 

Popular. 

Adams, E. L. * 

The California beet blight. Thesis for the M. S. degree. Univ. 
California 1909. 

Afzal, Husain M. 

Symposium on virus diseases of plants. Proe. Indian Sci. Congr. 
20:445-454, 1933. 

Ainsworth, G. C. 

Spotted wilt of tomatoes. Expt. & Ees. Sta. Cheshunt 18th 
Ann. Ept. 1932 : 29-45, 1933. 


Virus diseases. Expt. & Ees. Sta. Cheshunt, 20th. Ann. Ept, 
1934:60-66, 1935. 


(*) Journ, Agric. Univ. Puerto Rico 18(1-2) : 1—410, 1934; 19(2) : 129-313, 1935; 

20(3) : 741-818, 1936. 
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Virus diseases. Expt. & E-es. Sta. Cliesliunt, 21st. Ann, Ept. 
1935:56-62, 1936. 

Record of bushy stunt and fern leaf of tomatoes, fig mosaic, a mosa^ 
of water cress, recoveiy from spotted wilt and effects of tobacco mosaic 
on seedlings of tomato plants. 


Virus diseases. Expt. & Ees. Sta. Chesliiint, 22nd. Ann. Ept» 
1936:59-62,1937. 

Record of Several diseases. 


‘'‘Eiiation mosaic’’ of tomato caused by a virus of tobacco I type. 
Ami. Appl. Biol. 24(3) : 545-556, 1937. 

This disease causes pronounced malformations of the leaves especially 
outgrowths on the under sides. This is caused by a strain of tobacco 
vi,ru‘S I. 

Akenhead, D., Harris, E., Berkeley, 6[arven] H[ug‘li] & Massee^ 
A. m. ' 

The degeneration of tlie strawberry. Imp. Bur. Fruit. Prod. 
East Mailing, Tech. Comm. 5, 28 p., 1934. 

Probably crinkle or yellow edge. 

Aleksandrov, A. G., & Aleksandrova, 0. G. 

(On the mosaic disease of wheat endosperm.) Compt. Bend. 
(Doklady) Acad. Sei. II.S.S.E. 17(9) : 495-498, 1937. 

Allen, J. ■ 

Control of pests and diseases. Card. Chron. 99 : 390, 1936. 

Contains notes on '^Big bud’^ on black currants. 

Ando E. 

tOii dwarf disease of inee plant.) Journ. Japanese Agric. Soc. 
347:1-3, 1910. 

Andrews, P.' W. ■ 

The effect of leaf curl disease on the yield of the cotton plant. 
Empire Cotton Grow. Eev. 13(4) : 287-298, 1936. 

The disease is the cause of significant losses. 

Anonymous 

Experiments for the control of dwarf disease of potatoes. Okla- 
homa Agrie. Expt. Sta. Ann. Ept. 1915:143-144, 1916: 1916: 

; ■ 


Varietal susceptibility of the potato to the curly dwarf. Okla- 
homa Agrie. Expt. Sta. Ann. Rpt. 1916:20, 1916; 1916:20, 
1917 ; 1919 : 65-66, 1921. ; 
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Effect of selection of ' ^ seeds on the yield of the potato crop. 
Jonrn. Dept. AgTic. Ireland 22:378-380. 1923. 

Popular notes on leaf roll diseases. 


Bnnehy-Top. — Departamental Action. Queensland Agric. Jonm. 
26:297-298, 1926. 


Scotland: Plant diseases and pests. Intern. Rev. Agric. 22 ( 6 ) : 
94-95, 1931. 

Gontains a note on a virus disease of Aurantium lilies. 


Investigations on the spike-disease of sandal I, IV, Bangalore, 
1931-32. Indian Inst. Sci. Bangalore, 1932. 


Contribution a la connaissance de la maladie deP enroiilement 
des fenilles de la pomme de terre. (Contribution to the knowl- 
edge of the leaf roll disease of the potato.) Prog. Agric. & 
Vitic. (Montpellier) 100:507-509, 1933. 


Insect transmission of spike-disease. Nature 132(3337) : 592- 
593, 1933. 


Spotted wilt of tomatoes; Expt. & Res. Stat. Cheshunt, Circ. 
7, 3 p., 1933, 


The ' ^ degeneration ’ ' of the strawberry. Imp. Bur. Fruit Prod, 
Tech. Comin. 5:28, 1934. 


The l^kromnek^^ disease of tobacco. Rhodesia Agric, Journ. 3 
(1) :9-10, 1934. 


Poor potato stands traced to yellow dwarf. Wisconsin Agric, 
Expt. Sta. Ann. Rpt, 1932-1933:84-85, (Bull 428), 1934. 


Recent research on Empire products, A record of work con- 
ducted by Government Technical Departnient overseas. Agri- 
culture. Bull. Imp. Inst. 32(3) : 437-467, 1934. 

Bkcusses cassava mosaic. I 


Summary report of progress, 1934. Maine Agric. Expt. Sta, 
Bull 377: 323-326, 1934. 

Beports transmission studies of latent mosaic, mild leaf rolling, rugose 
mosaic and streak on potatoes. 


Virus disease research. Scott. Soc. Res. Plant Breeding (Bdin- 
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False blossom. TJ.S.D.A. Plant Disease Kept. 19(8) : 121--128, 
1935. 


Mosaikkranldieiteii in Pern. (Mosaic diseases in Peril.) Zeitsckr* 
Znckerind, Cechosl. Rpt. 60:204-205, 1935. 


Mosaksyge bos agnrke. Gartn. Tid. 51(33) : 417-419, 1935. 


Virus apparently made visible at last. The Literary Digest 
July 13, p. 18, 1935. 

Apparently popular. 


Die Abbaukrankiieiten der Kartoffel, Wiener Landw. Zeitg. 86 : 
135, 1936. 


Big bnd carrant reversion and the B.B.C. Gard. Chron. 99 
(2577) :305, 1936. 


Burgonya sargaf ©Itossaga. Mezogazdasag 13 : 189, 1936. 


The Columbian purple raspberry carries the virus causing mosaic 
ill red and black raspberries. Farm. Res. New York State 
Stat. 2, No. 4, 12 p., 1936. 


Piltrierbares Virus als Kranheitserreger bei Mensch, Tier und 
Pflanze. Erni,hrg. d. Pflanze 32 : 420-422, 1936. 


High temperature favors yellow dwarf. Wisconsin Agric. Expt. 
Sta. Ann. Rpt. 1934-1935 : 103-105, 1936. 


Learn . manner in which tobacco mosaic overwinters in the soiL 
Wisconsin Agric. Expt. Sta. Ann. Rpt. 1934-1935 : 133, 1936* 


Occurrence of English mosaic on red raspberry in Oregon. 
U.S.D.A. Plant Disease Rept. 20(7) : 123-125, 1936. 


Phony peach disease under control. LhS.D.xl. Plant Disease 
Rept. 20(8): 138, 1936. 


Peach virus diseases in Michigan in 1935. U.S.D.A. Plant Dis- 
ease Rept. 20(9) : 145-146, 1936. 


Phony peach disease found in Indiana and Pennsylvania. 
U.S.D.A, Plant Disease Rept. 20:296, 1936. 


Potato Leaf-roll Min, . Agric. :&■ ■ Fisheries, ^ Lon don . Adv, ■ Leaflet, 
278, 4 p, 1936. 
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La rosette de Idarachide. (Peanut rosette) Sta. Expt. de 
L^arachide Bombey. Bull, des Matieres Grasses Inst, CoL 
Marseille 20(8) : 201-205, 1936. 


Virus diseases of peach. Michigan Agric. Exj)t. Sta. Bienii. 
Rpt. 1934r-1936:21, 1936. 


Virus diseases. Gard. Cliron. 99:209, 353, 300, 1936. 


Virus diseases of sugar cane. Int. Sugar Journ. 38(453) : 330- 
332, 1936. 


Streak disease in South Africa. Mr, Vruthrieli^s observations 
from India. South Africa Sugar Journ. 20(8) : 503-505^ 
1936. 

Notes from a letter from Mr. E. G. Wutlirich. 


New sugar-beet varieties for the curly-top area. U.S.D.A, Circ. 
391, 4 p., 1936. 


Origen y desenvolvimiento del mosaico de la caha de aziicar. 
(Origen and development of sugar cane mosaic.) Rev. Agric, 
Puerto Rico 28(4) : 749-763, 1937. 

Review of conference by C. B. Chardon at the Sociedad de Agricul- 
tores de Colombia on January 22, 1937. Dr. Chardon made a review 
of the study of sugar cane mosaic with special reference to the work 
done in Puerto Rico. 


Potato virus disease control. Agric, Gaz. New South “Wales 48 
(10) : 573-677, 1937. 


Plant diseases recorded in New South Wales. Dept. Agric. 
New South Wales, SuppL No. 7, 1937. 

Records virus diseases on 27 hosts, some of them new. 


Report Proe. Second Int. Congr. Microbiol. Contr. 1936: 71-91, 
1S37. 

Vii'uses and virus diseases in animals and plants. Discussion on the 
general characteristics of viruses, including bacteriophage. E. P, White, 
,J.. Henderson Smith, W. M. Stanley, K, M. Smith, E. 0- Bawden, B. 
N, Saiaman, H. H. Storey, and T. Matsumoto discussed on plant viruses. 

Recovery from virus diseases causes immunity in tobacco. Journ. 
Term. Acad. Sci. 12(2): 178, 1937. 

Dn James Johnson has announced that tobacco plants recovering from 
-tobacco streak acquire a considerable degree of immunity from further 
Infections. 
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Ziekteii eii Bescliadigingen van liet aardappeloof. Viriisziekteiij 
Vei’slagen eii Meded. van den Plant enziekten-kundigen Dienst 
te Wageningen. 6, 31 p,, 1937. 

Contains a brief diseussion of leaf -roll (phloenmecrosiSj leptoneerosis) 
mosaic, crinkle in ancnba and stipplestreak. 

Anson, E. R. 

Leaf curl disease of cotton in the Fiji islands. Second Conf. 
Cotton Growing Problems, London, Ept. 1934:195-196, 1934. 

A record. 

Antal, Gulyas 

A magyar dolianyok virusbetegsegei. (Virus disease on Hun- 
gai’ian tobacco.) Kiilonleyomat a Kiser Koz. 39(1-3) : 1-35, 
1936. 

Tile author states that the object of the paper is to study the biology 
of virus diseases of tobacco. He gives the behavior and S 3 nnptoms of 
several tobacco virus diseases and their relative damage to the crop. 
Concludes by giving advise as to tobacco fertilization. 


A burgonya viriisbetegegei. (The virus diseases of the potato.) 
Kiilonlenyomat a M. Kir. Gazdssagi Akadeniia I. Kotet 3 
ftizetebol 63 p., 1938. 

A study of the virus diseases of the jiotato that occur in Hungary. 

Arnand, G[abriel,] & Arnand, M. 

Les maladies a virus des Rosacees amygdalees. (The virus dis- 
eases of Aniygdalaceous Rosaeeae.) (lonipt. Rend. Acad. Sei. 
(Paris) 202(10): 869-871, 1036. 

A study of virus diseases of Prunm persicaep P, spinosa and P, miwm. 


Les maladies a virus des piantes, (Virus diseases of plants.) 
Prog. Agric, & Vitie. 106(50) : 562-567, 1936; 107(2) : 35-3% 
(4): 86-90, (5) : 110-1.13, (6) : 138-141, 1937. 

The author discusses in semipopular form virus diseases of plants in 
general and some virus diseases in particular. 

Artem’ev, G. V. 

Virusnye Zabolevaniia rasteniia vo vlazhbykh snbtropikakh, 
(Virus diseases of plants in humid subtropics.) Sovetsk. 
Subtrop. (Moskva) 1936(12) : 10-19, 1936. 

Artschwager, Ernst, & Starrett, Ruth O[olvin] 

Histological and cytologieal changes in sugar-beet seedlings ef- 
fected with curly top. Journ. Agric. Ites. 53(9) : 637-657j 

::aH936.::: 

A very complete study of the histology and cytology of the diseased 
■ .plants,.'' 
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Artliiir, J[oseph] C[harles], & Golden, K. E. 

Diseases of sugar beet root. Indiana Agrie. Expt. Sta. BuU. 
39:54-62,1892. 

The disease referred to in this paper and supposed to be due to bac- 
teria was probably a virus disease, recently described by Coons et al as 
^ ^ Savoy 

Attanasoff, D(i 2 nitr) 

(D.iseases of cultivated plants.) Imprimerie de la Cour, Sofia, 
University Library No. 137 : 62-181, 1934. 

Includes tobacco mosaic and ring spot, potato virus diseases, plum, 
peach, cherry and apricot mosaic, grape vine mosaic, apple bitter pit, 
peanut mosaic and curl. 


Mosaic of stone fruits. Pliytopath. Zeitschr. 8(3) : 259-284, 1935. 

Descriptions of mo-saic on apricot, cherry, peach and plum. Infection 
experiments gave positive results. The disease is spread by AnurapMs 
padi. 


Infections chlorosis of citrus or mal seco. Eapp. Nat. See. V., 
Theme 9, (No. 4) Congr. Intern. Hort. II, Eome, 4 p., 1935. 

Believes that Dewteroplioma tracheipMla follows virus infectione and 
that ^'mal seco’^ is the same as ‘^TrabuPs infectious chlorosis. ^ ^ 


Mosaic diseases of pome and stone fruits. Rapp. Nat. See. V. 
Theme 9, (No. 5) Congr. Intern. Hort. II, Rome, 6 p., 1935. 


Virus diseases of plants: A bibliography. I Supplement. 
Pliytopath. Zeitschr. 10(4) : 339-463, 1937. 

Azevedo, Nearch 

Observacoes sobre uma doenea virus en tomateiro. (Observa- 
tions on a virus disease of the tomato.) Rodriguesia 2(6) : 
209-212, 1936. 

A description of a disease resembling the American ring spot but 
different from the spotted wilt. 

Baines, E[ichard] C[ecil] 

The status of peach virus diseases in Indiana. Hoosier Hort. 
18(12): 180-182, 1936. 

Popular. 

Bald, J[ames] 6[rieves] 

An P-type potato virus in Australia. Nature 139(3525) : 674, 

This strain has been reported from Australia, It attacks pepper and 
Solanum nigrum. 
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The use of niiiiibers of infections for conipar:i;iig tiie concerifyra" 
tioii of plant virus suspensions. 1. Dilution ex|:)eri:rriei:tts with 
purified suspensions. Ann. Appl. I'liol. 24:( 1 ) : l!h:l7. 

The author states that mauy virus properties can he measured only 
indirectly in terms of the relative coiiceiitratum of the virus parii(i!i!$ 
in a suspension and there are two types of reactions wliit'h are |i;’Ciuu’al1y 
called virological. He describes the one based on ‘'‘'tlie prodiiction. of 
symptoms in a susceptible host plant inoculated with a sample of vi,:riis’’. 
The other based on ^^the liberation of specific antibodies into tlie sera 
of experimental animals infected with the virus” have been descritnid 
in previous papers. 


The use of numbers of irifeetious for coinpaiun^’ tlie mmeeuira'- 
tion of plant virus vsuspensions. 11. Disimlion of plant virus 
dilution series. Aim. Appl. Biol. 24(1) . 56“"76, 1987. 

A coiitiiiuanee of previous etudies, with special reference to distortions 
in the dilution experiments. The author discusses two types: (a) un- 
purified viruses of tobacco mosaic g^roup and (b) potato virus X, 
viruses of tobacco ring spot, tobacco necrosis, cucumber niOvSaic and 
tomato spotted wilt which are less resistant to loss of virulence. 


The use of numbers of infections for comparing the concentra'- 
tions of plant virus suspensions. III. The effect of carbon 
on the prodiiction of lesions by viruses of the tobacco mosaic 
group. Ann. Appl. Biol. 24(1): 77-86, 1987. 

A comparative study of the spreading power of distilled water sus- 
pensions of plant juice, suspensions of finely divided carbon (lamp 
black) and a commercial spreader. The best results were obtained with 
the carbon. The experiments were conducted with Nicoimna ffkitinom. 


Vims molecules. Joimi. Austral. Inst, Agric. ISci. 3(2) :93«96, 
1937. 

The author refers to the confusion resulting from, the invasion, of, 
virus borders by workers in other fields; reviews the work of Stanley, 
Beale and others and .says: 

^^Here wo have the same two opinions abo.ut viruses, as have been 
held about bacteria, that they are a bridge between lower and higher 
forms of organimtion, and that, they are derived by a gradation of 
.. .higher, 'forms. T.h0 matter is. not likely, .to be settled soon, not perhaps 
until a free-swimming pelagie form of virus is found in eiiwatorial 
waters; , . even then perhaps diehards ■ of either opinion will still be 
found. 


Investigations on “spotted wilt’' of tomatoes. Tli, Inl'oefioti in 
field plots. Bull. Council Sei. & Ind. Res. Australia 106, 
32 p., 1937. 
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init.lior discusses (1) the tluctuatioiis in tlie severity of iiifeetloiiSy- 
pj) t.iie iiiliiKnu/,e of the weather on infection aiicl (3) the (listribiition 
nf iiii'eet.ed phuits in. field plots. 

'Pin; di’setise is trsinsmitted. almost entirely 'l:»y Thrip,'^ tabaci and 
Frat>'k'(inirll<(- insukiris. Tiie- development and dispersfil of’ the i.iiseet 
\‘<M-.(,urs is d(‘pfuident larg’orly on weather conditions, especially tempC3ra- 
lure. 

, & Brings, G. E. 

Ag'fi'c'giii.idii of virus particles. .Nature 140:111, 1937. 

'Pii't' authors refer to the description by Bawden and others of tlie shape 
of tln‘ por’t.icles of tobacco mosaic virus which, lias been eoiiiirmed by 
a ]»li<)ti)< 4 'rnpli recently published by .Best. They also say that Further 
cvidiMKM^ that virus jiarticles, even in dilute solutions, ma,y form chain 
an’i;'re,^’n.t,(.‘s is obtained from experiments on tlie ndntion Iwtwoen dilution 
of vims and niiiuber of infections causedP^ dhiis is rol!owe<] by a 
l)ri(‘i' report; of studies with purified preparations. 

Balia, rd, W. S. & Lindner, E. C. 

Stu('ii(^s of tlie dlstuhse iri- Cfilifornia. Proci. Amer. Soc. 

.Ifort. Seri. (1924) 32:L4.(), 1935. 

Earner, J[olianBes] 

frttnii'jVnrilaro BliUte bei Aniuhslonnnkei^ Tabakoind .K aid oiTel pilau- 
zen, ( liil.i'iua'llular bodies i,u virus dist^asi^s of lobace.ti and 
potato plants.) Nacdirielilanbl^ Dtud. PflanzensehtzL 17(4) : 
33*-.34:, 1937. 

Intra/.elhilare Sliibi^ luri Viruskiam Solaiuieeen un<! Oiieurbi- 
taiasai, ( 1 nt ramdlular bodies in virus tliseasml Holauaeeous 
fuul e.ueurlutaiauuis plants.) Angew. Poi,. 19{ 6) : 

1937. 

Barton-Wright, E[nBtace] 

litHauii mlvauees in Botany, 1932. 

'Phis is u, text book. The last., chapter .Is devoted to virus diseases. ■ 

& McBain, flan 

A ('oiiputt'isou of tiio nitr(»Kcri ruetaholisui of uonual with that 
of huif rnli potato(‘s. Trans. R. Hoo. Edin. 57:309 349, 1933. 

Ih)ssib!o ehenuoal nature of tobueeo mosaie. Nature 133('3355): 
290, 1934, 

at al 

Virus diHffffse rosoareh* Scott. Soc, lies. Plant Breeding, Rpt. 
Ann. (ien. Meetg. p. 13-17,1935.. 

Basset, J., Gratia A(ndr#), Macheboenf, M., & Manil, P. 

Action of liigli pressureB on plant virnses. Proc, Soc. Kxpt. 
Biol. & Med. 38(2); 248, im 

'Tohiuuso mosaic virus was maetivated at 8,000 atmosplieric pressure 
for 45 minutw. 
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Bawden, F. C. 

The virus causing top necrosis (Aeroneerosis) of the potato. 
Ann. Appl. Biol. 23(3) : 487-497, 1936. 

The disease can be produced by several viruses. The author has 
studied the reaction of several hosts to these viruses. 

Pirie, N. W., & Spooner, P. C. 

The prodiietioii of antisera with suspensions of potato virus X 
iiiaetivated by nitrous acid. Brit. Journ. Expt. Path. 17(3) : 
204-207, 1936. 

The authors summarize their results as follows : ^ ^ Antisera indis- 

tinguishable from those prepared by injecting suspensions of active 
virus can be prepared in rabbits by intravenous injection of suspensions 
of virus X inactivated by nitrous acid. Both hx complement and floc- 
culate wdth virus suspensions, but not with the sap of healthy tobacco 
plants and both are equally efleetive in neutralizing the virus in vitro, ^ * 

, Bernal, J. D., & Faukuchen, I. 

Liquid crystalline substances from virus infected plants. Nature 
138(3503) : 1051-1052, 1936. 

The authors follow the work of Stanley and say: have con- 

Armed these results, but have found that by further purification the 
protein in neutral aquous solution, can be obtained in liquid crystalline 
states. ^ ’ 

After giving the results of their studies, they said,— ^ ^ These results 
have a certain intrinsic interest, but this would naturally be greatly en- 
hanced could it be shown that these rods are in fact virus particles. This 
conclusion seems to us both reasonable and probable, but we feel it is 
still not proved, nor is there any evidence that the particles we have 
observed exist as such in infected sap.^^ 

. — , 4 — 

Liquid crystalline preparations of cucumber viruses, 3 and 4. 
Nature 139(3517) : 546-547, 1937. 

The authors report that they were unable to transmit three strains 
of tobacco mosaic (previously reported by them) to cucumber plants 
and that eueumber plants are immune to tobacco mosaic virus. They 
described their most effective method of isolation and give other data. 



The relationship between liquid crygtallme preparations of cu- 
cumber viruses 3 and 4 and strains of tobacco mosaic virus. 
Brit. Journ. Exp. Path. 18(4) : 275-291, 1937. 

The authors made comparative studies of strains 3 and 4 of cucumber 
mosaic virus with tobacco mosaic virus, aucuba mosaic virus and enation 
mosaic virus. They say that,— 

"'Although these viruses have a distmct host range from tobacco 
mosaic virus, the purified preparations have similar chemical composi- 
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tions and many properties in common with purified preparations of 
strains of tobacco mosaic virus; they differ from tobacco mosaic virus 
however, more widely than the recognized strains of tobacco mosaic 
virus from each other. The cucumber viruses and the tobacco mo’saic 
viruses have common antigens.^’ 

, & 

The isolation and some properlie>s of liquid crystalline substances 
from solanaceons plants infected with three strains of tobacco 
mosaic virus. Proc. Koy. Soc. London Ser. B. No. 832 p. 
274-320, 1937. 

The author studied viruses of tobacco mosaic, aucuba mosaic and 
enation mosaic. They isolated nueleoproteins with characteristic optical 
properties from all three strains but not from healthy tobacco. They 
describe the properties of these nueleoproteins. 



A plant virus preparation in a fully crystalline state. Nature 
141:513-514, 1938. 

Specific proteins believed to be virus have been isolated and found 
to lack three dimensional regularity characteristics of true crystals. 

, & 

Liquid crystalline preparations of potato virus X. Brit. Journ. 
Exp. Path. 19(1) : 66-82, 1938. 

The authors describe methods for the isolation of nucleoprotein from 
Nicoiiana Tahamm. JV. glutinosa and Ly coper sievm esculentum. The 
virus is less filterable after purification than in the untreated sap. These 
are two types of inactivation,— one leads to a loss of infeetivity with- 
out changing the optical properties or serological reactions, where as the 
other denatures the protein and destroys all three. 


Discussion on recent woi'k on heavy proteins in virus infection 
and its bearing on the nature of viruses, Proc. Eoy. Soc. 
Med. 31:199-210, 1938. 

A. discussion/of protein crystals, 

Bayma, A. Da Cunha 

(Mosaic disease of sugar-cane in the State of Ceari, Brazil.) 

^ ^ (Rio de Janeiro) 4(7) : 74-78, 1938. 

Beale, Helen Purdy (see Purdy Beale,- Helen Alice) 

BechlioM, H. 

Enzyme oder Lebewesenf (Ferment or living entity!). Kolloid 
Zeitseh. 66(3) : 329-340, 67(1): 66-79, 1934. 

The author concludes that viruses are not enzymes. 
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& Erbe, F. 

Yersiiciie’ ziir a-ufklaTung des Mechanisimis der ' ' Kiipf erprobe ' 
ziir feststelliing des Kartoffielabbaus. (Attempts at the ex- 
planation of the mechanism of the copper test for the deter- 
mination of potato degeneration.) Phytopath. Zeitschr. 9(3) : 
259-296, 1936. 

Tliere was no appreciable difference between diseased and healtby 
potatoes. 

Beohwith, C[harles] S [toward] 

False blossom. Amer, Cranberv Growers’ Assoc., Proc. Ann. 
Meetg. 6(1935) : 25-26, 1936. 

Popular appeal for control. 

Bell, A[rthiir] F[ra 2 ik] 

Fiji disease. Eradication of diseased stools in young sugar cane. 
Cane Grow. Quart. Bull. Queensland 4(2): 39, 1936. 


Report of the Division of Entomolog}^ and Pathology. Rpt, Bur, 
Sugar Exp. Sta. Ind. 1935:19-27, 1936. 

Giv©3 data on Fiji disease and chlorotic streak (fourth disease.) 


Save P.O.J. 2878. Queeulaiid Agric. Journ. 48(6) : 714-718^ 
1937. 

This variety is threatened by the Fiji disease. 


Fiji disease of sugar cane. Proc. Queensland Soc. Sugar Cane 
Tech. 9:211-218, 1938. 

Bellair, G. 

Chlorosis of peaches and roses. Rev. Hort. & Agric. Afrique 
Nord 38:261-264, 1934. ■ 

Belies, 6,, 

Court-noue et chlorose. (Court-noue and chlorosis.) Prog. Agr. 
& Yitc. 102 (29) : 81-84, 1934. 

Benllock, M., & Dominguez, F. 

La enfermedad de los pimentales en Aldeaniieva del Camino. 
(Yirus disease of chillies). Bol. Pat. Veg. & Ent Agric. 7 
(7) : 27-30, 1934. 

Description of this disease of occurrence in Spain, known m ‘‘‘ niebla 
nueva^' and (^nlebla vieja^l early and late blight, probably due to a 
virus.. 

Bennett C[arlyle] W[ilson], & Esau, Katharine 

• Further studies on the relation of the curly top virus to plant 
tissues. Journ. Agric. Res, 53 (8) : 595-620, 1936. 

* ‘Anatomical evidence indicates that the curly top vims invade 
phloem of the entire vascular system of beet and tobacco. In susceptibte 
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varieties of beet the disease is characterized by necrosis of the phloem 
and hyperthropliy of the pliloem and pericyele. Liquid content of the 
phloem moves through the intercellular spaces of the extraphloem tissue 
and accumulates on the surface of petioles and leaves. ^ ’ 

There is less exudation in resistant beets and no abnormalities. The 
authors also made a study of this disease on tobacco plants. Also a 
study of the virus in the seeds. 


Correlation between movement of the cnriy top virus and translo- 
cation of food in tobacco and sugar beet. Journ. Agric. Ees. 
54(7) : 479-502, 1937. 

This paper gives the results of studies of the movements of curly top 
virus in the beet, Nicotiana tabacum and N. glmwa. The rate of 
movement was extremely variable and the author concludes that ^^The 
way in which the curly top virus mvades the plant indicates that virus 
movement bears little or no relation to virus multiplication or to virus 
concentration gredients, but is dependent on physiological processes that 
take place in the normal plant. 

& Wallace, H, E. 

Eeiation of the curly top virus to the vector, Eutettix UnelUis. 
Journ. Agric. Res. 56(1) : 31-51, 1938. 

A. viruliferous insect can pick up the virus in one minute and transmit 
to a healthy plant in one minute. A non- viruliferous insects may pick 
up enough virus to transmit by feeding on diseased plants for two days. 
Fasting reduces the power to transmit. Virus was found in the blood, 
salivary glands, feces and alimentary tract of the. insects. Ability to 
cause infections decreased over a period of 8 to 10 weeks. Some insects 
with low charge of virus lost power to transmit in 54 clays. Several 
otlier species of insects picked up the virus but lost it in a short time, 

Berkeley, ©[arven] H[ugh] 

The ^ ‘degeneration ^ ^ of strawberry, HI. The phenomenon of 
root rots in coniiection with strawberry degeneration. Imp, Br. 
Fruit Prod. Tech. Comm. 5 : 16-19, 1934: (Bast Mailing Res. 
Sta. 22nd. Ann. Rpt 1934:65, 1935.) 


Suspected mosaic disease of strawberry. Canada' Progress Rpt. 
Dorn. Bot, 1931-34 : 58, 1935. 


A strain of the virus which causes streak in tomato. Canadian 
Journ. Res. 0 14:419-424, 1936. 

The author gives the results of experiments with these strains of the 
virus causing tomato streak— (a) tomato streak vim's K, (&); tomato 
streak virus I (Ontario strain) and (c) tobacco virus I.. The last can 
be used for immunizing against the other two. The first and second are 
believed to be strains of the last. . : . : , 
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Mosaic and rin^‘ spot, two dahlia diseases. Canada Hort. FloTal 
Ed, 60(2) : 25-26, 1937. 

Popular. 


Prevention of virus diseases of greenlioiise-gTOwii tomatoes. 
Canada Dept. Agrie. Gire. 118^ 7 p., 1937. 

A study of losses due to several virus disease in greenhouses and recom- 
mendations for their control. 


Prevention of tobacco mosaic in Ontario. Canada Dept. Agrie. 
Circ. 119, 7 p., 1937. 


Dahlia mosaic and its control. Canada Hort. 61(5) : 146-147^ 
1938. 

Popular. 

Berkner, F. W., & Hecker, G. 

Die Naehwirkimg' von verscliiedenen Kalidnngern und Pfiaiizeiten 
des vorjalives auf den Pflanzgutwert von Kartoffeln. (The 
after-effect of various potash manures and planting times in 
the previous year on the value of potatoes for seed.) Landw. 
jb. 82(1): 125-139, 1935. 

The best results with respect to degeneration were on potatoes with- 
: out potash. 


Ein weiterer Beitrag zur Frage des Abbaiiprobleins der Kartoffel. 
(A further contribution to the degeneration problem in pota- 
toes.) Pflanzeiibbau 12(7) : 243-274, 1936. 

A review of the literature and summarization of recent studies. 


Zur Frage des Kartoff'el-Abbaus. 1st es moglich, die neigung 
zuni Kartoffel-Abbau-limduszuschieben? (On the question of 
potato degeneration. Is it possible to postpone the tendency 
to potato degeneration!) Dutseh. Landw. Pr. 63(4) : 167^ 
1936. 

The symptoms are more severe on the early crops. 

Bernal, J. D., & Fanknchen, I., 

Structure types of protein crystals 'b from virus-infected plants. 
Nature (London) 139(3256) : 923-924, 1937. 

A study of the dimensions of the molecules. 

Best, Eupert J. 

Tlie effect of environment on the production of primary lesions 
by plant viruses. Journ. Australian Inst. Agrie. Sci. 1(4) : 
159-161, 1935. 
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A study of the effect of light on the virus of tomato spotted wilt and 
tobacco mo'saic. Spotted wilt in tobacco is inhibited by bright sunlight 
and controlled by artificial light. Tobacco mosaic virus in NicoUana 
glutinosa developed more lesions in the glass house than in the labor- 
atory. Alore lesions are observed at 20 °G than at 15 °C. 

, & Samuel, Geoffrey 

The reaction of the viruses of tomato spotted wilt and tobacco 
mosaic to the pH value of media containing them. Ann. Appl. 
Biol. 23(3): 509-537, 1936. 

The pH value must be taken into consideration or the results will 
be erroneous because certain pH values cause inactivation while others 
do not. A study of the pH relationships may aid in classification. Two 
viruses in a mixture may be separated by the use of the pH values. 
The determination of the host range or the occurrence of the virus in 
A’arious parts of a plant by reinoculation is not sufficient. The negative 
results may be due to inactivation of the virus by acids or other 
substances. The pH must be taken into consideration. The activity pH 
curves resemble enzyme curves more than living organism curves. A 
virus may be inactivated at certain pH values as rapidly as formed. 

, & 

The effect of various chemical treatments on the activity of the 
viru|ses of tomato spotted vrilt and tobacco mosaic. Ann. 
AppL Biol. 23 ( 4 ) : 759-780, 1936. 

The authors give a brief review of the subject, describe their experi- 
ments in full. In the summary they say: ‘‘It is concluded that 
secondary oxidation products caused the inactivation observed. “At- 
tempts to reactivate virus which had been inactivated by exposure to air 
or by means of Hg 01^ were unsueessful. ^ ^ It has been shown that the 
inactivating effects observed are due to an action on the virus itself. 


Precipitation of the tobacco virus complex at its isoelectric point. 
Australian Journ. Bxpt. Biol. Med. Sei. 14(1) : 1-13, 1936. 

A study of the precipitation of ordinary tobacco mosaic (tobacco 
virus I) with buff/er solutions at varying hydrogen-ion concentrations. 


Studies on a fluorescent substance present in plants. I. Produc- 
tion of the substance as a result of virus infeetioii and some 
applications of tlie phenomenon. Austtralian Joutrn. E'xpt. 
Biol. & Med. Sei. 14(3) : 199-213, 1936. 

This fluorescence was observed when the plant® were examined with 
ultraviolet light but was found to be present in other types of injuries. 


The effect of light and temperature on the development of pri- 
mary lesions of the viruses of tomato, spotted wilt and tobacco 
mosaic. Australian Journ. Expt. Biol. & Med. Sci. 14(3): 
223-239, 1936. 
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A study of the environmental effects of the viruses of the tomato and 
tobacco mosaic on Nicotiana talacum and N. gUitinosa. 

Neither sunlight nor artificial light appeared to affect tobacco mosaic 
virus lesions quantitatively. 

Sunlight was found to exert and inhibiting action on the appearance 
to tomato spotted wilt lesions on N, tahacum. A similar but much 
feebler effect was observed with artificial light. 


Prevention of virus disease of gTeeiiliouse-gTOwn tomatoes. 
Canada Dept. Agrie. Giro. 118, 7 p., 1937, 


Tlie relationsliip between tbe activity of tobacco mosaic virus 
suspensions and liydrion concentration over the pli range 5-10. 
Australian Journ. Expt. Biol. & Med. Sci. 14(4) : 323-328, 
1936. 

Tlie virus was inactivated at about pH. 7.8 and the fraction inactivated 
became larger with increasing pH values up to pH 10.2. is con- 

cluded that inactivation of the virus is associated with the naturalization 
of acidic groups. 


Investigations on jilant virus diseases. Waite, Agric. Res. Inst. 
Univ. Adelaide Rpt. 1933-56:1-7, 1936. 

A review of the author ^s work on spotted wilt of tomato. 


Yisible mesomorpihic fibres of tobacco mosaic virus in juice from 
diseased plants. Nature 139(3519) : 628-629, 1937. 

The author refers to a short paper in Nature by Bawden, Pirie, Bernal 
and Pankuchen on Liquid erystalline substances from virus-infected 
plants. He states that he has arrived at similar conclusions and 
describes long mesomorphic fibers which he obtained. When agitated 
the fibres break into shoi*t rods. He concludes by saying — ‘'^The cir- 
cumstance that under certain conditions the fibres liave the axipearance 
of short needles or rods raises the question as to 'whether the needles 
obtained by crystallization from ammonium sulphate solution, as first 
worked out by Stanley, may not in fact be short mesomorphic rods 
rather than true crystals. ^ ’ 


Artificially prepared visible paracrystalline fibers of tobacco mo- 
saic virus niieleoprotein. Nature 140: 547, 1937. 

The author refers to a previous article containing photographs of 
mesomorphic or paraerystalline fibers obtained from tobacco mosaic 
virus. He now reports obtaining similar crystals by using a suitable 
pH (5 being most satisfactory) and by precipitation with 15 per cent 
ammonium sulphate at pH 7. 


Investigations on plant virus diseases. Waite Agr. Res. Inst. 
Univ. Adelaide. Rpt. 1933-36 : 84-90, 1937. 
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This paper is a discussion of tomato spotted wilt and tobac(30 mosaic. 
The author summarizes his w^ork as follows, , — 

‘‘Viewing the j)laiLt viruses as a class and taking into aceoiint the 
property possessed by them in common with other viriisesj of being 
alile to nuiltiply in living cells, and their wude range in size, the most 
logical pietiire of them appears to be of that class of complex organic 
structiii-es built on a protein base with a large number and variety of 
active, prosthetic groups, these latter entering into the biochemical 
reactions through which the viruses become evident and wdiicli are at 
same time concerned with, processes which we have come to associate 
witli life find living. This picture is essentially similar to that of 
Aicock\s “-'living molecules-’ and in the present state of our knowl- 
edge seems to ;fit the facts best and to form a logical conception of 
this group of entities.^’ 


Tlie Cjuantitative-; estimation of relative eoneeiitrations of the 
virus of ordinary and yellow tobacco mosaics and tomato 
spotted wilt by the primary lesion method. Australian Joiirn. 
Exp. Biol. & Med, Sci. 15(2): 65-79, 1937. 

‘‘It is concluded that, on account of the number of factors involved, 
we could scarcely expect a single equation to represent the relationship 
between lesion number and virus concentration over the whole range. 
However, in practice under controlled conditions both with respect to 
inocula and test plants, that portion of the curves over which direct 
proportionality between lesion number and virus concentration holdis, 
provides a useful working range in which to estimate relative concen- 
trations with a reasonable degree of accuracyP^ 


On the presence of an oxidase’^ in the juice expressed from 
tomato plants infected with the virus of tomato spotted wilt. 
Aiisti‘aliaii Joiirn. Expt. Biol. & Med. Sei. 15:191-199, 1937. 

The author summarizes his work in part as follows, — 

‘^It has been shown that the juice expressed from the leaves of 
tomato plants infected with the virus of tomato spotted wilt contains 
an ^ oxidase ^ enzyme tentatively identified as tyrosinase) which catalyses 
the oxidation of phenol, catechol, guinol and tyrosine in the presence 
of air. The reaction does not proceed to a demonstrable extent in 
suspemsions of juice expressed from comparable parts of healthy plants 
but it does in snsj^ensions of root juice.” 


The deheinistry of some plant viruses.. Australian Chem:, .Inst, 
Jonrn. & Proc. 4(10) : 375-392, 1937. 

The author discusses the viruses of spotted wilt of tomato and tobacco 
mosaic witli special reference to the chemical properties. In his sum- 

maiytilre vsays,*™ ' 

‘ ‘ To sum up, it appears that there is no sharp break between living 
and no.ti-livhig matter, and that viruses may be regarded as complex 
(iK-mical ’Structures, built on a protein base with a large number and 
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variety of prosthetic groups, tlii'ougli which they enter into those reac- 
tions by which they become evident and by which they multiply— 
reactions which we have come to associate with life and living. If we 
accept this view, then viruses may be regarded as living molecules of 
graded complexity of structure and organization covering the transition 
between the architecture of the larger non-living chemical molecules and 
the architecture of the simplest living eellP^ 

Beiirnier., 

La rosettee de V aTacliide. (Peanut rosette.) Bull. Mat. Grass. 

Inst. CoioiL Merseille 20(8) : 201-205, 1936. 

Popular. 

Bewley, W[illiain] F[leining], & Corbett, W[ilfred] 

Mosaic disease iiivesligation. Ann. Rpt. Expt. & Res, Sta. Nurs. 

& Marlv. Gard. Industr. Deve. Soc. Chesliuiit 15 : 51-52, 1930. 

A paper on the control of cucumber and tomato mcysaic by the use 
of clean seed. 


Spotted wilt of tomatoes. Ciieslmnt Expt. Sta. Cliesliiint, Hert. 
Circ. 1, 3 p., 1933. 

Popular. 

Some factors wliich affect the quality of tomatoes. Fruit Grow. 
Plor. & Mark. Gard. 83(2) : 748-750, 1937. 

A popular p>aper. The first jmrt is a discussion of virus diseases. 

Bitancourt, A[g*egislan] A. 

As doencas de virus dos citrus (Virus diseases of Citrus.) 
Biologico 1(8) : 255-262, 1935. 

The author states that studies based on the relevant literature and 
his own observations show evidence enough to consider citrus psorosis^ 
leprosis, ring blotch and zonate chlorosis as produced by viruses. 

Black, L, M. 

Some insect and host relationship of potato yellow dwarf virus. 
Phytop>athoiog 7 26(1): 87, 1936. 


A study of potato yellow dwarf in New York. Cornell Agrie. 
Expt. Sta. Memoir 209, 23, p. 1937. 

A very thorough study of this disease, including symptoms, insect, 
transmission, hosts, and overwintering. 


Mechanical transmission and properties of the potato yellow 
dwarf virus. Phytopathology (Abstract) 28 U) : 3, 1938. 

Blaringhem, L[otis Florimond] 

Nouveau eas de mosaique presente par un hybride de giroflfies 
[Cheirantk'iis cJiatuu et ■ ' A.new ..case 
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of mosaic on a hybrid of wall flower (Cheiranthus chevri and 
Erysimmm cheirantoides.) Comp. Rend. Aead. Sci. 203(2) : 
1039-1042, 1936. 

Blood, H[erbert] L[oreii] 

Curly top (Western yellow blight) of tomatoes in Utah. 
U.'S.D.A. Plant Disease Rpt. 18(11) : 131-133, 1934. 


The tomato curly top situation in Utah. U.S.D.A. Plant Disease 
Kept. 19(11) : 191-192, 1935. 


The Utah tomato disease situation in 1935. U.S.D.A. Plant 
Disease Kept. 20(6) : 96-102, 1935, 

Contains imj^ortant data on curly top of sugar beet. Also a note 
on mosaic and streak of tomato. 


Curly top of tomato in Utah. U.S.D.A. Plant Disease Rpt. 
22(14): 226, 1936. 

A record of tliis disease in Utah for the third eonseeutive year. 


Biiimke., 

Wie lasst sieh der Kartoffelabbau bekampfeiii (How can potato 
degeneration be combated f IVIitt. Landw., Berlin. 52(49) : 
1048-1050, 1937. 

The author urges a thorough roguing during the month of May, The 
most important vector is Lygus pabuUmis. 

Bodine, E[dward] W. 

0(?ciirrenee of peach mosaic in Western Colorado. Journ. Colo- 
rado- Wyoniiiig Acad. Sci. 2(1): 49, 1935. 

The disease was found in Colorado May 19, 1934. Only previous 
records are from Texas. 

& Durrell, L. W., 

Tlie Maynard plum — a carrier of the peach mosaic. Science 
86(2221) : 81, '1937. 

Budding and root-grafting tests indicate that plums may be carriers 
of this disease. 


The Maynard plum — A carrier of the peach mosaic. Pliyto- 
pathology (Abstract) 27(9) : 954, 1937. 

Abstract of paper read before the 21st Annual meeting of the Pacific 
Division of the American Phytopathological Society. The plum was 
suspected of being a carrier. It was proved to be a carrier by grafting 
buds from plum to healthy peach trees. 

Bonazzi .A[iigiisto] . 

Study on sugar cane- mosaic. Science. 64(1665) ': 529-530, 1926. 
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Boning, Karl ■ 

■ t’''ber cleii Eiiifliise der Aiiioiien der Diiiigesalze aii£ Abbaii and 

Abbaiikraiiklieiteii der KartoffeL (On tiie infliieiiee of tlie 
aiiioii of tlie fertilizer salts on degeneration and degeneration 
disease of the potato.) Angew. Botaiiik 17(2) : 323-335, 1935. 

Boiiiiig-Seiifeert,. 1., 

Die Mosaikkranklieit der Giirken. (Mosaic disease of eueiiiiiber, ) 
Prakt, Biatt. Pflanzenb. ii„ Pdanzeiiseii, 33(9-10) : 215-221^ 
1933-34,. 

Boyd, ©[ran] 0[ecil] 

"Losses due to leaf roll in potato variety test. U.S.D.A. Plant 
Disease Eept. 20(21): 333, 1936. 

A brie.i‘ note. 

Boyle, L[ 3 /ttoii] W., & McKinney, H[aroM] H[all] 

Tricliomes of ineidental importance as centers for local virus 
infections. Science 85(2210) : 458-459, 1937. 

The authors rei)ort that the tricliomes are of less importance than 
the ■ epidermal cells. 

. & 

Local virus infections in relation to leaf epidermal cells. Phyto- 
patlioiogy 28(2) : 114-122, 1938. 

Tliis is a study of infections in tricliomes and surface epidermal 
cells. The authors used common tobacco mosaic and inoculated leaves 
of Nicotiana glutinosa, N. rustica and Capsicum fmtescens. The work 
involved mutilation of surface cells and triehomes and immediate in©- 
culation. 

Boysen- Jensen, P., 

Die Stoffprodnktion der Pfianze (Biattrollkrankheit). Jena 108 
p., 1932. 

Branas, J., & Bernon, G. 

Coixtribution a Petude dn court-iioue de la vigne. (Oontribii" 
tion to the study of ' AionrBnou A ’ of the vine.) Rev. Path. 

■ & Ent. Agr. 22(1) : 19-24, 1935. 



a Petude du eourt-iione de la vigne. (Contribu- 
:,tioh, to the study of '*court-noue('' of the vine.) Ann. Eeole.. 

; Nat. Agr. (Montpellier), n.s. 23(3-4) : 150-154, 1935. 



■ -Troisi&iie-eontribiition a Petude du courPnoue de la vigiie JTMrd. . 

, , contribiitioii.to the study, of 'leourt-iioue^" of the Anne.)' Rev. ^ 
:¥itie (P^^^^^ 85(2216) : 469-472, 1936. 

'The ' leaves from the diseased vines contain a higher content, of,, 'glu* 
eosides 'than the , leaves of healthy plants. " 
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& Levadoiix, L. 

Note sill* ia transmission par le sol de la degeneresceiiee de la 
vigiie. (Note on the transmission of the degeneration of the 
vine by the soil.) R.ev. Yitie. (Paris) 87(2258) : 263-268, 1937. 

This is a discussion of tlie importance of Phylloxera in the spread 
of degeneration diseases such as ^ court-noueg ’ ‘ ‘ arriciamiento,’ ^ ^^rei- 
sigkraiiklieit, ’ ’ f asciatioii, anoinalie and panaeliure. 


Brentzel, W. E. 

''Purple top^’ wilt of potato in North Dakota. U.S.D.A. Plant 
Disease Eei3t. 22(2) : 44-45, 1938. 

Tins disease lias some’ symptoms that indicate that it is due to a 
Tims, but this has not been definitely proven. 

Bremer, H. 

Ziir Kraiiselkrankheit der Pelargonien. (On the curl disease of 
Pelargonkmi.) Blemen — ii Pflansenban. 48(2) : — , 1933. 

Brierley, Philip, & McWhorter, Frank P[aden] 

A mosaic disease of iris. Journ, Agrie. Res. 53(8) : 621-635, 
1936. 

This disease was found to be widely distributed on the Pacific Coast. 

Intracellular bodies were present. Transmitted by tissue, by juice 
and by IlUnoia solanifolia and Myzus yerdcae, 

, & McKay M[arion] B[ertice] 

Experiiiients with aphids as vectors of tulip breaking. Phyto- 
pathology 28(2) : 123-129, 1938. 

These studies show that the two viruses distinguished by McWhorter 
are transmitted by Myzubs persicae and Macrosiphwn (IlUnoia) solanv 
folia. Myms circnmflexm transmitted in one trial, MyBus solani previ- 
ously reported as a vector fails to transmit. 

Briton- Jones, K. H., & Staniland, L. N. 

The effects of strawberry aphids on the strawberry plant. Journ. 
Pom. & Hort. Sei. 6:127-136, 1927. 

This paper probably referred to a virus carried by the aphids. 

Bruner, .S[tephen] C[ole] 

Experimento sohre el dano que oeasione el mosaico a la eafia 
Cristalina (Experiment on the damage of inosaic to Cris- 
: lma cane.) Cuba Est. Agron. Expt., Santiago de las Vegas, 
Dept.. Bntom. & F’itopat. Ann. Ept. 1929-30: 41-46,' 1931.. ' 
■.Burns ( 

' ^ tlber cte der.-Kartoffein. .,D. Karto'ffelbau ,. 20' : 

38-39, ■. 1936. .(D., Kartofellhandel 22(27);:--, .1936.)'v; ,;..^ 

Biikart, A., & Soriano, S. ■ : 

Observaciones sobre el mosaico de las ieguminosas. (Observa- 
tions on the mosaic of luguminoiis plants.) Rev. Agron. 

■ .y ;.':Argentma'l.(3 ■1934., .. 
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Burnet, P. M., Keogh, E, V., & Lush, D. 

Iirmiiiiiology of plant viruses. The immunological reactions of* 
the filterable viruses. Australian Journ. Bxpt. Biol. & Med. 
Sci. (3 siippl.) 15:279-283, 1937. 

Burr, W, W. 

A study of potato spindle tuber and combinations of spindle' 
tuber with other degeneration diseases. Nebraska Agrie. Expt. 
Sta. Ann. Rpt. 42 : 30-31, 1929. 

Busse, (G.) ■ 

Zxir Prage der Ivarto'ffelabbaues. (On the question of potato^ 
degeneration.) Deutsche Landw. Presse 63(17): 207, 1936. 


Karloffel-Abbau, Pflanzzeit und Ernteverfahren, Deiitsehe- 
Landw. Presse 33 : 566, 1936. 

Butler, E[dwm] J[ohn] 

Views on the “spike'*' disease in sandal -wood. Reported by M. 
linthaniiah, 6 p., 1904. 


The nature of immnnitv in plants. Third Iiit. Cong, Comp. 
Path. Rpt. 1(2) : 1-16, 1936. 

Tlie autlior recognizes five types of acqnirecl inimuiiity, viz. (1) 
following initial infection in the case of virus dis-eases, (2) local ini' 
munity following initial infection, (3) iuimimity following vaccination 
in which antibodies may be present, (4) intracellular immunity and; 
( 5 ) iimnunity symbiosis. 

Butler, 0[rmoiid] E[ourke] 

Potato disease experiments. New Harnosliire Agric. Exp. Sta. 
Ann. Rpt. 1934, (Bull. 284), p. 15, 1935. 

xV report of progress on temperature studies on mosaic of potatoes. 

Caldwell, John 

Factors affecting the formation of local lesions bv lobaceo mosaic 
virus. Roy. Soc. (London) Ser. B, 119(815) : 493-507, 1936. 

The prodnction of lesions may be reduced or abolished by the additioB 
of certain substances (normal •serum) to the juice containing the vims.. 
These inhibitory substances may act on the virus by neutralizing its- 
activity or the leaves by reducing susceptibility. The author proposes- 
a method by wliieh a distinction can be made. 


The agent of virus disease in plants. Nature 138(3503) : 1065, 

. , 1936, , 

Tliis is a brief paper in wliieii the author makes reference to Ms- 
own pubii'slied 'work and to the work of Stanley. The virus moves ont 
of tlie young leaves rapidly. The movement of the food inaterial has- 
very little effect on the movement of the virus. The movement of tlir 
virus ill protoplasinie strands is confirmed. 
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The movement of the agent in the plant. Deux. Cong. Int. Path. 
Comp. (Paris) 1931. II Compt. Rend. et. Comm. p. 480, 1931. 

A note in English. 

, & Smith, Kenneth M[anley] 

An air-borne plant Adrus. Nature 139 ( 3522 ) : 761 - 762 , 1937 . 

A criticism. 

, <& James, A. L., 

An investigation into the ''stripe'’ disease of narcissus. I. The 
nature and significance of the histological modifications fol- 
lowing infection. Ann. Appl. Biol. 25(2) : 244-253, 1938. 

There is a wide variation in the appearance of infected plants. It 
inhibits or destroys chlorophyll, stimulates cell division and cell growth. 
Inclusion bodies resemble X-bodies. 

Caley, D. M. 

Panaehiire infectioiise (breaking) des tulip es. (Infections Varie- 

gation (Breaking) of tulips.) Deux. Cong. Int. Path. Comp. 
(Paris) 1931, IT Compt. Rend, et Com. p. 446-447, 1931. 

A brief review. 

Calinisan, M[elamo] R., Hernandez, Crispiniano 0. 

Studies on the control of abaca hunehy-top with reference to 
varietal resistance. Phil. Journ. Agric. 7 (4) : 393-408, 1936. 

A study on varietal resistance and rouging. Some varieties are more 
resistant than others. 

Caminha, Adriao 

Sugar cane diseases in Brasil. Brasil Assiie. 7(4) : 209-213, 
lk^6. (Pacts About Sugar (Abstract) 31(12): 471, 1936.) 

Contains records of well known virus diseases. 

Came, W[alter] M[ervyn] 

Spotted wilt of tomatoes. Journ. Dept. Agric. West Australia 

., ,;2(5) : 58, 1928. 

& Martin, D. 

Preliniinary experiments in Tasmania on the relation of in- 
ternal cork of apples and cork of pears to boron defieieiicy, 
Journ. of the Comic, for ScL and Inds. Res. 10(1) : 47-56, 

... 1937.- ■■ ■ ■ 

This paper is included in the bibliography although there is some 
opinion as to whether the disease is caused by a virus. 
This paper gives the resiilts of fertilizer experiments for the control 
of:,theAdisease. 
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■Carsner, E['abaiiks] 

Seasonal and regional variations in eiirlv top of siigar--beets« 
Seieiice 63 : 21^214, 1926. 

GlTea the results of studies on relation of weather to outbreaks of 
the disease. 

, & Pieriisisel, R[obert] L[oiiis] 

Sugar-beet curly top's spread aided by vast iiierease in host 
tveeds. TJ. S. Dept. Agrie. Year Book 1931:791.-793, 1931. 


Eiesiilts from U. ^S. No. 1 resistant beet seed. Facts About Sugar 
30(2) :70, 1935. (Landb. Tijdsehr. 48(584) -.179, 1936.) 

Carter, ¥/(alter) 

Seasonal and regional variations in tiie curly top of sugar beets. 
Science eSil625) : 213-214, 1926. 


Tlie toxic dose of mealy-bug wilt of pineapple. Phytopathology 
27(10) : 971-981, 1937. 

A study of Fssudococcm hrevipes (Ckil.) as a carrier of the causal 
agent of this disease. The percentage of infection increases with 
number of insects but is not directly proportional to the number. Tliere 
is a point of dosage beyond which there is a very little increase. 
Variability between different experiments is very high. 


Aphis transmittal of Commelinu nudiflora Linnaeus mosaic to 
pineapple. Ann. Ent. Soc. Amer. 30(1) : 155-158, 1937. 

The virus of C. nudiflora is transmissible to the pineapple where it 
produces a spot very similar to yellow spot. The vectors are Aphis 
gossypiij My^m persicae and Maorosiphum solanifoUi. 

■Casella, Domimco 

Lf apiatlire del iiinone e la selezione gemniaria. ( Variation in 
lemons and bud selection.) Ann. R. Speriin Agriimieolt. e 
Putticolt. Aciseale 1 : 47-49, 1933, 

The author describes corrugated or ribbed strains of lemons which he 
believes be due to a virus. This character is transmitted by an aphid, 
Toxoptera aurantn, 

^ Nation, Donald 

■ ; , Au; infectio rosette -of peach trees. Michigan Agric. .Exp,: 

Sta, Quart. Bull. 16(2) : 79-84, 1933. 

The role of plums in the spread of fpeach/ virus diseases. Mie 
(7 ganf StateM :■ 61-63,: 1935,' ' ■ 

''.■■'Popular., ■ ■ ■ ■ ■ 
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Catoni, 6, 

Malattia e degenerazione della patata. (Disease and degenera- 
tion of the potato.) Boll. R. Stat; Pat. Veg. 15(1) : 234, 1935.. 

Brief commentary on a manual published under the above title. 


Malattia e degenerazione della patata. (Disease and degenera- 
tion of the potato.) A. G. Saturnia, Trento, 140 p., 1935.. 
(Review in Riv. Agrie. Rome 31:157-158, 1935.) 


La degenerazione della patata (Degeneration of the potato.) 
First Convegno Nazionale per PIneremento della Produzione 
della Patate etc., p. 29-30, 1935. 


La degenerazione della patata. (Potato degeneration). Atti del 
Prime Convegno Incremento della Prod, della Patata, Como, 
p. 82-106, 1935. 


Programma per la rigenerazione della patata e la produzione di 
biiena semente iiella Provineia di Trento. (Program for the 
regeneration of the potato and the production of good seed in 
the Trenton Province.) Trento, 8 p., 1936. 

Oavanagh, A. E. 

Report on phony peach disease control. Proc. Tennessee State 
Hort. Soc. 32 : 48-53, 1937. 

A popular review. The disease has been known for 50 years or more. 

Cayla, V. 

La canne a sucre et le ^‘sereh” a Java. (Sugar cane and "'‘sereh’^ 
in Java.) IPAgron. Colon. (Paris) 22(183) : 81-86, 1933. 

Chabrolin, 0. 

Notes phytopathologiques Tunisiennes. (Tunisian phytopatho- 
logical notes.) Bull. Soc. Hist. Nat. Afr. Nord. 26(2) : 26-41, 
1935.' 

Mosaic of Vioia faha. 

Chamberlain, E[dward] E[dinborough] 

Pea-mosaic. Host range and methods of transmission. New 
Zealand Journ. Sci. & Tech. 18(6) : 544-556, 1935. 


A virus disease of crucifers. New Zealand Journ, Agrie. 53(6) : 
321-330, 1936. 

A description and discussion of this disease which attacks Bramca 
rapa, B. cernm, R. Japonicdy B. Napo’hrmmUy Bincipsis arvemiSy 
Jtaphanus B. var. chinensis, S, alba var) 

iypicaj B* oleraee<i var. l)uUatay B, oleraoea var. botrytis and R. olemcea 
, vox, acephula. It is transmitted by Brevicoryne brassica and My ms 
, persicae. ' ■ ' 
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Nicotine content of tobacco. New Zealand Joiirii. Sci. & Tech, 
18(8) : 628-637, 1937. . 

Mosaic causes reduction in amount of nicotine. 


Pea insects. Its systems, economic significance, and preventative 
treatment. New Zealand Jonrn. Agrie. 54(3) : 129-136, 1937. 

A description of the disease and list of host plants. It is transmitted 
by Mysus persicae. Aphis rumwis and MacrosiphiLm gei. The virus 
overwinters in red-clover. 


Tobacco-mosaic. Its appearance, cause, and control. New Zea- 
land Joiirn. Agrie, 55(3) : 163-174, 1937. 


Tobacco mosaic. New Zealand eJourii. Sci. & Tech. 19(4) : 209- 
226, 1937. 


Yellow blotcii-eiirl : a new virus disease of the red rasberry in 
Ontario. Canada Jonrn. Res. C. (Bot. Sci.) 16(3) : 118-124, 
1938. 


Raspberry virus diseases and certification. Canad. Hort. (Fruit 
ed.) 60(5) :14.S-146, 1937. 

Popular. 

Chandler, W. H., Headland, D. E., & Hibbard, P. L. 

Little-leaf or rosette of fruit trees. III. Proc. Amer. Soc. Hort. 
Sci. 1933, 30 : 70-86, 1934. 


Little-leaf or rosette of fruit trees. lY. Proc. Amer. Soc. Hort. 
Sci, 32:11-19, (1934), 1935. 

Char don C[arlos] !E[ugenio] 

Informe sobre el ‘Lnosaico’’ de la cana de aziicar al Sefior Mi- 
iiistro de Agricultura y Comercio, Dr, Manuel Jose Vargas. 
(Report of sugar cane mosaic to the Minister of Agriculture 
and Commerce, Dr. Manuel Jose Vargas.) Agricultura (Bo- 
gota) 9(6) : 108-120, 1937. 

Observations on the mosaic disease in Colombia. 


Origenes y desenvolvimiento del mosaico de la cana de azucar. 
(Origin and development of sugar cane mosaic.) Rev. Agric* 
Puerto Rico 28(4): 749-753, 1937. . 

Extract from a paper read before La Sociedad de Agricnltores de 
Colombia Jan. 22, 1937. 


B1 mosaico de la cana de azucar en Colombia. (Sugar cane 
mosaic in Coiombia) . Rev. Agric. Santo Domingo, 28(92) : 
; 239-242, 
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'Glialtergee, N. C. 

Entomological investigations on the spike disease of sandal. 
Peiitatomidae (liempt.) Indian Forest. Ree. 20(9) : 1-31, 1934. 
A study of the insect fauna of the sandal. 


Entomological investigations on the spike disease of sandal (25) , 
Lepidoptera. Indian Forest Rec. But. 1 (10) : 185-204, 1935, 

A list of 'species collected. 

, & Eamakrishna Ayyar, T. ¥. 

Entomological Investigations on the spike disease of sandal (26), 
Coccidae (Homopt.), Indian Forest Ree. Ent. 1(12) : 233-242, 
1936. 

A list of 'species collected. 

‘Chester, K[eiinetli] S[tarr] 

The problem of acquired immiinitv of plants. Quart. Rev. Biol, 
8:129-154, 275-329, 1933. 

A serological estimate of the absolute concentration of tobacco 
mosaic virus. Science 82 : 17, 1935. 


Serological tests with Stanley's crystalline tobaeeo-inosaie pro- 
tein. Phytopathology 26(8) : 71^734, 1936. 

The author gives the following summary: 

^‘T. The Schultz-Dale method was applied to materials containing 
several plant viruses, including tobacco-mosaic virus. It was found that 
the viruses tested gave no anaphylactic reactions. This was 'shown botli 
by absorbing the muscles with healthy-plant juices prior to testing for 
virus reaction, and by using as virus hosts for sensitization and testing, 
respectively, two species of plants so remotely related that the virus 
was tlie only common 'serological element. Healthy-plant proteins, on 
the contrary, were highly anaphylactogenie. The proteins of healthy 
tobacco and healthy tomato were very similar serologically. 

'^2. The uteri of animals sensitized vnth healthy-plant proteins reacted 
to solutions of crystalline tobacco-mosaic virus protein, and the uteri 
of animals sensitized with the crystalline protein reacted to dilute 
extracts of heaithy-tobaeeo proteins. Complement-hxation teats con- 
hrmed the anaphylactic tests in showing cross reactivity between the 
crystalline protein and healthy-plant protein. The evidence indicates 
that this cross reactivity is due not to a serological affinity between 
virus and heaithy-tobaeeo protein, but to the presence in the crystalline 
material of a contaminating protein serologically allied or identical to 
protein of the healthy tobacco plant. 

Precipitin and complement-fixation experiments revealed the pre- 
sence in the crystalline materials of considerable quantities of virus. 

tests of the sera from sensitized, guinea pigs showed 
that in a given animal tobacco-mosaic virus may be a highly active 
precipitinogen but inactive anaphylactically, while heaithy-tobaeeo pro- 
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teiiis in the same animal may be comparatively inert in producing- pre- 
cipitins but highly active in stimulating anaphylaxis. This implies that 
the mechanisms of the two reactions are different, although the same' 
antibodies maj' be concerned in both. It is possible that the molecular 
size or solubility of the respective antigens underlies this difference 
in antigenic manifestation.^^ 


Separation and analysis of virus strains by means of precipitin 
test. Phytopathology 26(8) : 778-785, 1936. 

The author concludes by saying, ^^From the evidence reported above 
it is concluded that the absorption technique used permits the diferen- 
tiation of strains of this same virus type. By using such a technique it 
has been shown that ©erological differences exist among certain strains 
of tobacco mosaic virus. Strains of latent potato-mosaic virus also 
separable from one another serologically. It was found that the preci- 
pitin absorption technique described, not only serves to distinguish 
virus strains, but also give some index of the constitution of the dif-* 
fei ent virus. •’ ’ 


Liberation of neutralized virus and antibody from antiserum 
precipitates. Pliytopatliology 26(10) : 949-964, 1936. 

This paper gives the results of experiments which are summarized iii' 
part as follows: 

These findings demonstrate that when tobacco mosaic virus neutra- 
lized by its specific immune serum, the; virus is not destroyed but is held 
ill an impotent non-inefective condition from which it may be liberated 
if the antibodies are destroyed by pepsin digestion. ’ ^ 


The limitations of plant virus serology. Phytopathology (Ab- 
stract) 27(2) : 124, 1937. 


A critique of serology I. The nature and utilization of phyto- 
patlioiogieal procedures. Qiiai’t. Rev, Biol, 12(1) : 19-46, 1937. 


A simple and rapid method for identifying plant viruses in the 
field. Phytopathology 27(6) : 722-727, 1937. 

author describes a method for the determination of viruses in 
the field which is much shorter and easier than the laboratory blood 
or precipitin test. 


Serological studies of plant viruses. Phytopathology 27(9 ) : 903- 

:'',:9i2,i937., ''V ' V t' A 

The author has classified 34 viruses into 8 groups. Twenty-one viruses 
were found to be nonreactive. The author used a modified precipitin 
^ a rapid identification of the viruses. This is a 

very promising method for the identification and classification of viruses. 
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Giieiiiriber mosaic in gTeenlioiise petunias. U.S.D.A. Plan Dis- 
ease K,ept. 22(5) : 81-82, 1938, 

Chona, B, L, 

Scheme for research on mosaic and other diseases of sugar cane, 
Sclent. Rpt. Imp. Inst. Agric. Res. (New Delhi) 1935-36: 
112-122, 1937. 

Choiiard, P., & Dnfrenoy, J[ean] 

Assais snr les pommes de terre par les maladies a virus en haute 
montagne. Bull. Soe. Nat. Aeelim. (Prance) 85(192): 40- 
44, 1938. 

Choudina, I. P., 

(The virus disease of tobacco plants in the U.S.S.R.) (Narkom- 
pishcheiiprom S.S.S.R. — Glavtabak. Vsesoiuzuyi Nanchni Is- 
sledovaleiskii Institut Tabachnoi i Makhorochnoi Proinyshleu- 
nosti irn A. I. Mikoiana V (I.T.I.M.), Septor Zashehity Tabaka. 
Vykusk Krasnodar, No. 126. 76 p., 1936. 

Christoff, Alexander 

Mosaikfleckigkeit Chiorose und Stippenfleckigkeit bei Atpfeln, 
Birmeii und Quitten. (Mosaic spotting, chlorosis and bitterpit 
spotting in apples, pears and quinces.) Phvtopath. Zeitsehr. 
8(3) : 285-296, 1936. 

The author deecribes and compares in brief not^ the different virus 
diseases of the mentioned fruits. Although the space devoted to each 
fruit is small his explanations are very eomprehenaive. 

Ciccarone, A., 

Una virosi del Pomodoro. (Nota preliminare. ) (A virus dis- 
ease of tomato.) (Preliminary note.) I^v. Pat. Veg. 27 

(3^.4) : 73.^77^ 1937. , 

Perfection variety grown from English seed developed from leaf- 

Claiiss, G. 

Anbauversuch mit start eisenfleckingen Kartoffelsastgut der Sorte 
PSiekiiigen”. Tatigk, — Ber. Staall. Landw. Vei*s. — Anst. An- 
gustenberg f. 1933-34^ 76 p., 1935. , , 

Clayton, E[dward] E[astman], Smith, H. H. & Poster, H.' H.; 

Mosaic resistance in NieoHana tabacum. Phytopathology (Abs- 

; ..tract) 28(1) : 5,. 1938.. .. 

Abstract of paper read before the American Phytopathoiogical Society, 
December, 1937. Thirty-six strains collected in Colombia were resistant. 

Mosaic resistance in Nicoiimu tahaeum L. Phytopathology 28 
(4) : 286-288, 1938. 

< 

A brief note giving resnlts of recent work. 
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Clincli, Pliyllis E. M. Loiifflmane, James B., & Murpliy, Pan! 

A[loysiiis] 

A study of the aiicuba or yellow mosaic of the potato. Roy. 
Dublin Soc. Sei. Proe. ii.s. 21 (41) : 431-448, 1936. 

This is a study of aucuba mosaic of potato, tu]>er blotch virus 
wliicli is isolated out of interveinal mosaic of potato and a latent virus 
ill Duteli variety of Monocraft potato. These viruses attack several 
other plants and tuber blotch virus has been transmitted by Myms 
but only in the presence of virus A. Tliese viruses are similar 
in physical properties, including tilterability, thermal death point and 
longevity in vitro. Tuber blotch and Monoerat viruses are identical 
and probably correspond to the viruses underlying- pseudonetnecrosis, 
the aucuba virus being a distinct but related form and the calico virus 
is probably related as well. The authors propose to designate the tuber 
blotch virus as F. ivith Monoerat virus as a synonym and the aucuba 
mosaic as G. They classify the potato viruses in three groups as 
follows; (1) virus X of S’mith, (2) virus F of Clinch, Lounglinane & 
Murphy and (3) virus Y of Smith. 

Oobb, N. A. 

Stigmonose. Agric. Gaz. New South AVales. 14:692, 1903. 

. ^ At the time of this publication the disease was not considered by any 

investigator as due to a virus. 

CatJ&ran, L. C,, & Hutchins, Lee M[ilo] 

Peacii-mosaic h ost-i'elationship studies in so utlier n C alif oniia. 
Phytopathology (Abstract) 27 (9) : 954, 1937. 

Abstract of paper read before the 21st Annual Meeting of the 

i Pacific Division of the American Pliytopathological Society. Mosaic has 

been found on apricot, almond, prune, plum and myrobolan plum. Some 
cross inoculations with buds have been made. ‘^Identity of the viruses 
with peaeli mosaic, however, should not be regarded with more tlmn 
strong suspicions until crossdnoculations have been completed.’’ 

& Smith, Clayton 0. 

Asteroid spot, a new virosis of the peach. Phytopathology 28 
(4): 278-281, 1938. 

A description. 

Cochran, W. G. 

The statistical analysis of field counts of diseased plants. Jouni. 
Roy. Statist, Soc. (Suppl.) 8(1): 49-67, 1936. 

Studies of spotted wilt of tomatoes which are correlated with studies 
of transmission by Thrips tabaoci, 

Oockerhain( George, & McBain,;Alan M. 

Virus disease research. Scottish' Soc. Res. in Plant Breeding, 
Ann. Rpt pp. 13-17, 1936. 
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Potato flowers and dissemination of potato viruses. Nature 140 : 

1 , 100 , 1937 . 

The author concludes that the tendency of varieties to flower or not 
flo'tver has little effect on the transmission of potato virus diseases. 

, Ferguson, Hugh., & Lyoll, Charles A. 

Virus Disease Kesearch. Scottish Soc. Ees. in plant Breeding, 
Ann. Ept. 1937. p. 14-17, 1938. 

A report of progress. Potato viruses reduced yields as follows, — X 
virus (least effect), A + X complex, Y virus. Leaf roll (greatest). AH 
viruses reduced sexual reproduction by reducing number of flower 
trusses. 

•Cole, J[ohn] B[ufus] 

Bimeli disease of pecans. Phytopathology (Abstract) 27(2): 
125, 1937. 

■ "wmi 

A description of a disease which resembles some of the virus diseases. 
Cause not definitely known but it is transmitted by grafting. 

Buneh disease of pecans. Phytopathology 27(5) : 604-612, 1937. 

This disease is distinct from the rosette disease of pecan. It resembles 
some of the virus diseases. It has been transmitted by grafting. 

I 1 

Coleman, Leslie C[arles] 

Virus diseases of plants. Jourii. Mysore Agric. & Expt. Union 
10(3) : 125-132, 1929. 

Cook, Harold T[hurston] 

Mosaie-like trouble of elm in Virginia. Plant Disease Kept. 20 
(14): 227- 1936. 

Cook, Melville T[hurston] 

Insect transmission of virus diseases of plants. Sci. Month. 44 
(2) : 174-177, 1936. 

A semi-popular review of the subject with special reference to the 
work in Japan on the rice dwarf. 


Descriptions of virus diseases of plants, criticisms and suggestions. 
Journ. Agric. Univ. Pherto Rico 20(3) : 689-690, 1936. 

Suggestions and criticisms for authors of papers on these diseases. 


Phloem necrosis in the stripe disease of corn. Journ. Agric, 
Univ, Puerto Rico 20(3) : 685-688, 1936. 

The results of a study of the histology of corn plants infected with 
.'.'■■this' disease. " ■ ' 
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Eiiferiiiedades imevas o poeo conocidas de la caila de aziiear en 
los Aiitillas. (New or little known sugar cane diseases in the 
Antilles.) Rev. Agric. Puerto Rieo. (SiippL 1, Mem. Assoc. 
Sugar. Cane Teeli.) p. 5-13, 1936. 

Short description of diseases of minor importance. Some of them 
appear to be due to viruses. 


Records of virus diseases of plants in Puerto Rieo. Jonrn, Agric.. 
Univ. Puerto Rico 20(3) : 681-684, 1936. 

Records and notes on 17 virus or virus — ^like diseases. 


First supplement to the host index of virus diseases of plants. 
Joiini. Agric. Univ. of Puerto Rico. 20(3) -.691-727, 1936. 

A continuation of the host index published in the above Journal 
19(3): 315-406, 1935. It contains 10 new families, more than 50 

new genera and about 150 new species of host plants. 


First supplement of the index of vectors of virus diseases of 
plants. Jonrn. Agric. Univ. Puerto Rico 20(3) : 729-739, 1936. 

Continuation of the index published in the above Journal 19(3) : 407- 
420, 1935. It adds about 25 genera and more than 25 species to the 
original index. 


The witches’ broom of Tdbehuia pallida caused by a virus. Phy- 
topathology (Abstract) 27(2): 125, 1937. 

This disease has been attributed to a fungus. It is due to a virus. 


Ciiciiinber mosaic in Puerto Rico. 
27(2) :125, 1937. 


Phytopathology (Abstract) 


The first severe outbreak in Puerto Rieo during the past 13 years. 


Pioneers in the study of virus diseases of plants. Sci Mon 
46:41-46, 1938. 

The author arbitrarily places 1920 as the end of the pioneer period' 
and selects eight workers as pioneers. They are Adolph Edward Mayer, 
Dmitri J. V. Y, lowanowski, Martinus Willem Beijerinek, Hendrick 
Marius Quanjer, Erwin P. Smith, Albert E. Woods, Harry A. Allard 
and James Johnson. Hrief statements are made concerning the reasons' 
for selecting them as the pioneers in this branch of plant pathology. 

Goons, G[eorge] B[[erbet], Stewart, Dewey, & Elcock, H. A. 

Sugar-beet strains resistant to leaf spot and curly ton TJ S 
Dept. Agric. Yearbook 1931:4:93-496, 1931. 
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Kotila, J[oliii] E[rnest], ,& Stewart, Dewey 

Savoy a vi;rus disease of beet transmitted by Piesma cinera. 
Pliytopatbology (Abstract) 27(2): 125, 1937. 

A descrixjtion of symptoms and some experiments. Is the same as 
the disease described by Arthur and Golden in 1892. Occurs in many 
central and western states. 


Improvement of the sugar beet. U.S.B.A. Yearbook 1936:625- 
656, 1937. 

Contains a brief discussion on resistance to curly top. 

Cooley, L[iister] ]l[anriiia] 

Sources of raspberry mosaic infections and how to get rid of 
them. Proc. New York State Hort. Soe. 80:273-277, 1935. 

Semi-popular. 


Wild brambles in relation to spread of virus diseases in cultivated 
black raspberries. Neiv York Agric. Expt. Sta. (Geneva) 
Bull. 665, 5 p., 1936. 

Wild red raspberries are numerous in western New York. They are 
usually with either green or yellow mosaic virus or with both. They 
support a large population of the Amphorophora rubi which is a vector. 
Any control must take into consideration the eradication of the wild 
red raspberry host. Other wild raspberries and black berries did not 
appear to be as important as the red raspberries. Leaf curl was rare 
but the vector Aphis nil)icola common. The spread of this disease was 
slow. Streak viruses were rare. 


Wild bramble eradication. New York Agric. Expt. Sta. (Ge- 
neva) Bull. 674, 32 p., 1936. 

A discussion of methods of eradication. 


Retarded foliation in black raspberries and its relation to mosaic. 
New York Agric, Expt. Sta. (Geneva) Bull. 675, 20 p., 1936. 

The green mottle mosaic virus retards the development of the foliage. 
The yellow mosaic virus has much less influence. 


The control of raspberry mosaic. New York State Hort. Soc. 
: Proc. , 81: 277-27^^ ^ 

Pofmiar. 

€:OstaiitiE,::;Julien [Moel] 

(Potatoes in highlands.) Compt. Rend. Acad. Sci. 181 : 633-636, 
Y:1925. 
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Actiialites bioiogiques. Evolution de nos conceptions siir la de-^ 
generesceiiee et la symbiose (Biological notes. Evolution of 
our conception on degeneration and symbiosis.) Ann. Sci. Nat.. 
X ser. Bot. (Paris) 16(2): 1-43, 1933. 

In this article the author makes reference of Sereli disease of sugar 
eaiiG. 


Patliologie vegetale. Exteriorisation des d%enereseenses pai 
raction de Taltitude. (Plant Pathology. Exterioration of 
degeneration bv the action of the altitude.) Compt. Rend,. 
Hebd. SAme. Acad. Agric. (France) 20:414-^419, 1934. 

Crepin, €. 

Queiqiies reflexions a propos de la pomme de terre. (Some ob- 
servations ill eonection with the potato.) Compt. Rend. Acad. 
Agric. (Pranee) 22(11) : 437-440, 1936. 

The author gives a review of our knowledge. Tlie aphid vectors were' 
the most iinportant factors in the growing of healthy plants. 


Cristimio, M. 

ITn grave attaeeo dimosaieo nella zucca. (A. serious attack on 
puiupkin. ) Riverche Osserv. e Divulg. Fitopat. Gamp, ed 
ilezzog, R. Osserv. Reg. Fit a pat. Portici. 6:95-102, 1937. 

Damm, R. 

Abbau-iind Yiriiskranklieiten der Karto'ffeln. (Degeni'atioii and 
virus diseases of potatoes.) Mitt. Landwirtseli 51(2): 1116,. 
1936, 

Dana, B[liss] F., McWhorter, F[raaik] P[aden] 

An outbreak of eurh" top on pansv. Phvtopathologv 25(9) : 894,. 
1935. 


Oecnrrenee of curly top in the Pacific coast in 1935. TI.S.D.A, 
Plant Disease Rept. 20(24) : 72-76, 1936. 

Records of held studies. 


Gccurrenee of curly top in the pacific Northwest in 1936. 
IIS.D.A. Plant Disease Rept. 21(3) : 53-64, 1937. 

Records of the occurrence of this disease in many localities and data 
of losses. , 


Guriy top or ^resteru yellow blight of tomato. Oregon State 
Hort. Soe. Ah. Ept. 28(1936) ; 72-74, 1937. 


The curly top disease of vegetables in the Pacific Northwest. 
Oregon Agric, Expt. Sta. Circ. Inform. 180, 5 p,, 1938. 



BIBLIOGRAPHY OF VIRUS DISEASES OP PLANTS 


297 


Oeeiirreiice of curly top in the Pacific Northwest in 1937, Plant 
Disease Kept. 22(5) : 82-84, 1938. 

Records. 

Darlington, C. D. 

Eeversion in black currants : a study of the chromosome comple- 
ment. Journ. Pomol. & Hort. Sci. 6:242, 1927. 

Darcy, C. 

Les maladies de degenerescence de la pomme de terre. (Degen- 
eration diseases of the potato.) Jardinage 23(198) : 28-30, 
1935. 

Darrow, G, M., & Demaree, J. B. 

Northern type of strawberry dwarf serious on the Chesapeake 
Peninsula. U.S.D.A. Plant Disease Kept. 23(7) : 109, 1938. 

Davis, J[ohii] J[iine] 

Nature of disease producing viruses. Nature 124 : 267, 1929. 

Davis, M. ¥., & Blair, P. S. 

‘ Virus diseases of cherries in British Colombia, Canadian Horl 
(Fruit Ed.) 59(9) : 208, ’1936. 

Popular. 

Deconx, L., & Roland, G. 

Reeherches etfectuees en 1936 sur la jaunisse et la mosaique de 
la betterave (Research work on virus yellows and mosaic of 
the beet-root in 1936.) Piibl. Inst. Beige Amel. Betterave 
5(5) : 449-454, 1937. 

,Vanderwaeren, J., Roland, G. & Simon, M. 

Revue des travaux de rinstitut Beige pour FA melioration de la 
betterave de 1932 a 1936. (Review of work on the improve- 
ment of tlie beet during 1932 to 1936 at the Belgiuin Institute.) 
PubL lust. Beige. Amel. Betterave 0(1): 4-35, 1938. 

Deighton, F. C. 

Prelirainar}' list of fungi and diseases of plants in Sierra Leona, 
liist of fungi collected in Sierra Leona, Bull, of Mise. In- 
formation. Roy. Bot. Card. Kew 7:397-433, 1936. 

Tliis list contains mention of several virus diseases, 

Demaree, Juan B., & Darrow, George M., 

Leaf variegation in strawberries not considered a virus disease, 
U.S.D.A. Plant Disease Rpt. 21(22) : 400-403. 1937. 

A rlescription of the disease and evidence to show that it is not due 
, 'to fi- virus. 

Denley, C. L. 

Mosaic eontrol on Godchaux properties. - ^ Sugar Bull. , 15.(.20:)^ : 

, 3-5, 1937. 
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Be Long, W. A. 

Yariatioii in tiie eliief ash coiistitiients of apples affected with 
bloteii^r cork. bitter pit) Plant Pliysiolooy 11:453-456, 
1936 . 

Desai, S[liirislikeiit] ¥[rijray] 

Sclieliie for research on mosaic and other diseases of sugar cane. 
Auric. Res. Inst. Piisa (India) Sclent. Rpt. 1933-34:154-167, 
1936 . 

BicksoH., B[€rtram] T[liomas], Wright, H. D., Oarne, H. R.,’& NoMCj 
E[obert] J[acksoii] 

Filterable viruses. Australian & New Zealand Ass. Adv. Sci. 
. 21 : 437 - 439 , 1933 . 

Popular. 

Diehl, R. 

Les prohleines actuels de A ’amelioration et des eliamps d ’expe- 
riences de pomme de terre. (Present problems of improve- 
ments and the experimental fields of potato. ) Le Selectionneur 
Versailles 5(2): 81-89, 1936. 

Varietal teat of potatoes in regard to degeneration. 

Dixon, H. H. 

Are viruses organisms or axitocatalysts ! Nature, 139(3508) : 
153, 1937. 

A discussion of the work by Stanley, Bawdeii and otliers. 

Dobroscky, Irene D[orothy] 

Insect studies in relation to cranberry false blovssom disease. 
Amer, Cranberrv Grow. Ass. Proc. Ann. Meet. 58 ; 6-7 ; 10- 
11, 1928. 

Doidge, E. M. 

Scaly bark (psorosis) of citrus trees, tiourn. Dept. Agric. South 
Africa 12(1) : 61-67, 1926. 

D' Oliveira, M. de L. 

Aspectos actuales do problema dos virus filtraveis. (Present as- 
pects of tbc problem of filterable viruses.) Rev. Agron. 
(Lisbon) 24(1) : 52-63, 1936, 

Doerr, R. 

Allgemeiiie merkmale der virusarten. (General cliaraeteristies 
Z. Hyg. Infekt. Kr., 118(6) : 738-747, 

^ lecture before the Second International Congress of Microbiology. 

■DooMttley^ P[olydore], & Alexander, L. J. 

Injury to greenbouse tomatoes as a result of a combined infection 
with the viruses causing tomato and cucumber mosaic. Phyto- 

\ of a, disease caused ; by .'Johnson’s tobacco virus 1 and 

Doolittle’s .cucumber virus 1.-. 
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, & Beecher, F. S. 

Seed transmission of tomato mosaic following the planting of 
freshly extracted seeds. Phytoioatliology 27(7) : 800-801, 1937. 

Tills paper refers to tobacco virus 1. The authors report a low 
percentage of seed transmission when freshly c^xtracted seeds are use. 
There was a smaller percentage in old seeds. ^^Tlie jiresent note seeks 
to enipliasize the possibility of seed, transmission of mosaic in breeding 
work, where, to pjroduce several generations of plants in close succession, 
seed is planted soon after its extraction from the fruit. Where this 
is done there seems to be a definite danger of an appreciable amount 
of seed transmission of the virus. 

Dorst, J[acobns] G[orEeliiis] 

Transiiiissioii de la maladie de la mosaiqiie par blessiire ou par 
contact des plantes. (Transmission of mosaic disease through 
wounds or by contact of plants.) Rev. Bot. Appl. d’Agric. 
Trop. 11:264-265, 1931. 

Transmission of potato mosaic. 

Doiimn, M. S. 

A study of fungi and bacteria having viroplioric and viroeide 
properties. Summary Sci. Res. Inst. P. R., U.S.S.R. p. 509-510, 
1936. 

Dufrenoy, Jean 

^3tnde cytologique des plantes affectees par des maladies a virus. 
(Cvtological study of plants affected with virus diseases.) 
Ann. Epiph. 14:163-171, 1928. 


Changes induced in cells of sugar cane mosaic. Proe, Pacific Sci. 
Congr. 4th. Java, 1929. 4 : 25-27, 1930. 


Sur un virus des Renoneulacees transmissible su Nicotiami ta- 
haeum, Compt. Rend Soc. Biol. Reunion Bordeaux 117: 373- 
375, 1934. 


Les maladies a virus. (Virus diseases.) Defensa Sanitaire V6- 
getaux. Compt. Rend. Trav. Congr., (Paris) 1934 : 24-26, 
1935. 


Les maladies a virus. (Virus diseases.) Defense Sanitaire Veg4- 
taux Compt. Rend. Trav. Congr. (Paris) 1934, 1 : 207-210, 1935. 


LhmBiunite des plantes vis-vis des maladies virus. (The im- 
munity of plants vis-a-vis of virus diseases.) Ami, Inst. Pas- 
teur' 54:461-512, 1935. 

In this rather extensive work the author discusses his points of 
views in regard to plant immunization specially the effect of inoeeu- 
lations.''' , ■ 



300 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OF P. R. 


StiTietiire et nietabolisme eellulaire. (Structural and eellular 
metabolism.) Arch. Anat. Mie. 31(1): 1-77, 1935. 

CTtologieai 'studies of virus diseases of plants. 


Le '^spotted-wilt'' (The spotted wilt). Ann, Epiphytes & 
Phyto. 3(2) : 187-223, 1937. 

General account of the disease known as spotted wilt ; the author 
gives the different hosts subject to the symptoms of that form of 
mosaic. Gives also a list of viruses which cause local lesions. 

Boug'et, J. 

Etudes siir des maladies a virus de la pomme cle terre. (Studies 
of virus disease of the potato.) Ami. Sci. Nat, Bot. 19(10) : 
181-202, 1937. 

General discussion on the different types of virus diseases of potatoes. 
The authors give a brief description of symptoms in each case. They 
also discuss the elfect of climate. 

Duggar, B[enjaniiii] M[iiige], & Hollander, Alexander 

Inactivation of the virus of typical tobacco mosaic and of Esche- 
richia coll ill the shorter ultra-violet. Jourii. Bact. (Abstract) 
31(1) : 52, 1936. 

Dnmon, A. G. 

La propagation des maladies de degenereseenee eii Belgique. 
(Tlie propagation of degeneration diseases in Belgiimi.) Sat- 
tion D ' Amelioration des Plantes (Ileverle) Inst. Agroii. TJniv, 
Catholiqiie de Louvain No, 4, 20 p., 1931. 

Popular account of five years observations on. field work. 

, & Swartele, A. 

Het ontaar-dingsvraagstuk bij Fragaria. (Le probleine de la 
degeiiereseeiiee eliez le fraisier.) (The problem, of strawberry 
degeiieratioii.) Lanbou van de Ilniv. te Loiiven. voor owge- 
paste Genetiea. pp, 1-10, 1937. 

Tile serological method did not show in virus in degenerate strawberry 
plants. 

The authors do not consider the method of value. 

Dutt, M.,' L. Hussainy, S. A., & Krisbnaswani, M. K. 

A note on the breeding of sugar cane varieties resistant to mosaic. 
Indiaii Acad. Sci. Proc. 3 ( 6 ) : 425-431, 1936. 

The data indicates that resistance is correlated with the presence of 
bristles on the , leaves. 

Dykstra, T[lieodore] P[€ter] 

Keport on potato viims diseases in 1936. Ainer. Potato Joiirn. 

„:14{4): 117-124, 1937. ■. 

■Popular. . ■ _ ■ ■ 
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Eckerson, S[opMa] H[emion], Webb, E[obert] W[illiam] 

The intracellular bodies , associated with rosette disease and mo- 
saiedike mottling of wheat. Joiirn. Agrie. Res. 26(12) : 605^ 
1923. 

Edwards, E. T. 

The witches’ broom disease of lucerne. Australian & New Zea- 
land Assoc. Adv. Sci. Rpt. 22:323-324, 1935. 


The witches’ broom disease of lucerne. New South Wales Dept. 

Agrie. Sci. Bull. 52, 31 p., 1936. 

This is a report of the continuation of the studies by tlie author wliicli 
have been reported in two previous pax^ers. He discus'ses the symptoms, 
distribution and economic inmortanee of his work- He also gives a 
detailed account of liis own investigations. The disease has been trans- 
niitted by grafting. 


Witclies’ Ijroom of lucerne. A series disease in inland areas. 
Asric. Gaz. New South Wales 47 ( 8 ) : 424-426, 1936. 

Popular account of the work reported in Ees. Bull. 52. 

Ehrke, G. 

Die Biseiitieckigheit der Kartolfel. Forseluingen u. Portseiiritte 
12 : 24-25, 1936. 

Eide, C. J. 

Plant viruses. Minnesota Hort. 65(10) : 191-193, 1937. 

Emmerez de Charmoy, .D[onald d’] 

Die ni()saikkra;nkheit des Tabaks auf Mauritius. (Tobacco mo- 
saic disease in Mauritius.) Internat. Idw. Rtiiidselian, p. 775, 
1928. (Zeitselir. f. Ptianzenkrank. (Planzenpathologie) und. 
I''tiaiizensct. 40 Band, lieft 6, 1930. ) 

Mosaic of recent appearance. 


N()iivelhw(d)ntril) a I’etude du streak. (New contribution 
to the stiidv of streak.) Rev. Agrie. Ille. Reunion 39: 193- 
202, 1934. 


La lutte eontre la inosaiqiie de la eanne a sucre a la Reunioii. 
(The fight against sugar cane mosaic in Reunion.) Revue 
Agr. Ille Reuniou 42: 1-10, 1937. 

Emon,' J.' . i. 

Idle opinion sur la (xiurt-xioue. (An opiiiion on court nolle’’.) 
Progr. Agrie. & Vit. 105(2) : 41-43, 1936. 
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Eriksson-Quensel, Iiiga-Britta, ^ Svedberg, The 

Sedimentation and eleetrophoresis of the tobacco mosaic virus 
protein. Joiirii. Amer. Cheiii. Soc. 58(10) : lB63-™1867j 1936. 

The authors worked on tobacco virus protein furnished by Stanley. 
They found a considerable inliouiogeneity with regard to molecular 
weight but said that it was not improbable that the virus protein iiiiglit 
be homogenous with regard to molecular w^eiglit in its native state. The 
electroplioretic determinations showed the virus protein to be chemically 
well-defined and practically homogenous. 

Evans, I[lltyd] B [tiller] Pole 

Bitter-pit of apple. South African Dept. Agrie. Tech. Bull. 
2 , 1911 . 


Pasture researeli and crop production. Annual Eeport of the 
Division of Plant Industry, Farming* in South Africa, 10(117) : 
548-560, 1935. . ‘ ' 

Alentions leaf curl and kromnek of tobacco (which is probably same 
as spotted wilt). Also scaly bark or psorosis. 

.Ewart, A. J. 

Cause of bitter-pit. Proe. Eoy. Soc. Victoria, Australia n.s. 
30:15-20, 1917. 

At the time of this publication the disease was not considered by any 
investigator as due to a virus. 

Ewert, R. 

Ziim xibbaii der Kartoffel. .Beobachtungen iiber den abbau der 
Kartoifel unter besonderer Berlieksiehtiguiig des vergangenen 
Jalires. Deutsche Landw. Presse 62:41-42, 55-56, 1935. 

Eyer, J. R. 

Observations on the pathological history and phyto-ehemistry 
of psyllid-yellows. Phytopathology 25(9): 895, 1935. 

Eawcett, G[eorge] L[orenzo] 

El enriilamieiito de las hojas de la tomatera. (The curling of the 
leaves of the tomato.) Rev. Ind. Agr. (Tiicuman) 10:49- 
54,1929. 


El encrespamieiito de las hojas de la remolacha y el inseeto 
transimsor. (The curling of the leaves of the beet and the 
transmitting insect.) Rev. Ind. Agr. (Tueuman) 18 : 61-66, 

Eawcett, H[oward] S[amuel] 

Scaly barb, citrus scab, gumming of citrus, fungi on citrus 
whitefly. Florida Agric. Expt. Sta. Ept. 1906-07: 43-49, 1907. 


Scaly haxk of eitriis. (A prelimmary report.) Florida Agrie. 
Expt Sta. 'Bull. 98 : 73-78, 1909. ■ ' . ; . 
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Stem-end rot, giinimosis, nail-iust, citrus scab, Aegerit§, Wehheri^ 
Cephaoloporiitm leeanii. Florida Agric. Bxpt. Sta. Ann. Rpt. 
1909-10 : 45-65, 1910. ' 


Scaly bark or nail-rust of citrus. Florida Agric. Bxpt. Sta» 
Bull.. 106, 41 p., 1911. 


New iiiforination on psorosis or scalv bark of citrus, Calif » 
Citrograph. 18(12): 326, 1933. 

A new symptom indicates that the diseases may be due to a virus* 

Feiginson, N. 

(Determination of the crops susceptible to virus diseases, geog- 
raphical distribution and injuriousness of virus diseases of 
plants.) Simim. Sci. Res. ."Work Inst. Pt. Prot., 1935: 505-507, 
1936. 

Contains very valuable data on a number of virus diseases. 

Ferguson Wood, E. J. 

Some anatomical and cytologieal studies on fiji disease of sugar- 
cane. Proc. Roy. Soe. Viet. N. S. 49(2) : 308-313, 1937. 

A very complete discussion, 

Fernandes, D. S. 

Vootlookinge mededeeling over de corzaak van de zeef vatenziekte 
(pliloemnecrose) bij de Liberia koffie eii hare bestrijding. 
(Preliminary note on the cause of the sieve tube disease) 
(Phloein-iieerosis) of Liberian coffee and its eoiitrol.) Meded. 
Landboiiwproefstat, (Suriname) 2, 12 pp., 1928. 

Fielitz, F. 

Los iiltravinis en patologia vegetal. (Ultraviruses in plant 
pathologv.) Agron. Assoc. Bstud. Agron. (Montevideo) 6; 
23-33,1935. 


Bnsayo sobre ' lJi*esp>adura de las papas'' enfermedad a virus 
filtrante. (Test on leaf-roll of potatoes a filterable virus dis- 
ease.) Rev. Assoc. Rural Uruguay 63(4); 23-28, 1936. 


Bnsayo sobre ^"^crespadura de las papas", enfermedad a t'virus 
filtrante" (Test on leaf-roll of potato, disease due to a filterable 
virus.) Rev, Asoc. Rural Uruguay 63(6) : 9-15, 1936. 

As Bertelli, J. 0.. 

Enfermedad a iiltravirus en las piantas ‘'crespadura de las pa- 
pas" primera comunicacion 1934. (Yiiuis disease of plants,, 
potato leaf roll first note 1934.) Arehivo Coe, Biol. Monte- 
video. 8(1) : 46-57, ^ 
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FilllO, A. C. 

As clilorosis de canna cle aciieax. (The eliiorosis of sugar cane.) 
Brasil Aj^iieareiro 6(6) : 360-362, 1936. 

Fife, J[aiiies] M[ilton] & Prampton, V. L. 

Tile pH gTadient extending from the phloem into the pareiicliynia 
of the sugar beet and its relation to the feeding behavior of 
Eutettix ienellus, Joiirn. Agric. Res. 53(8) : 581-593, 1936, 

When sugar beet seedlings are exposed to a high concentration of 
carbon dioxide preceding and during the period of inoculation of in- 
fection in the normal plants to that in the treated plants was 4.7:1. 
Eutettix tenelUis feeds on the petioles of the plants treated with carbon 
dioxide it appears to lose its sense of direction in reaching the phloem. 
The ratio is 4.6:1. The insect prefers an alkaline food (pH 8.5) 
rather than a food with an acid reaction (pH 5.0). ^^The evidence 
indicates tliat leaf -hoppers feeding under normal conditions are probably 
guided to the phloem by pH grkdient. 

Poex, [Edmund] E[tienne] 

Les maladies a virirs. (Virus diseases.) Rev. Path. Comparee. 
1925. 


All siiject de la pomme de terre et des maladies dites de de- 
genth‘escenee. (On the subject of the potato and the so-called 
degeneration diseases.) Compt. Rend. Acad. Agric. (Prance) 
22(14) : 573-576, 1936. 

The author agrees for the most part with Crepin. 

Folsom, D[oiiald], & Bonde, R[einer] 

Some properties of potato rugose mosaic and its components. 
Journ. Agric. Res. 55(10) : 765-783, 1937. 

This disease is attributed to at least two viruses, the pure rugose 
mosaic or veinhanding virus and the latent mosaic virus. 

, et al. 

Net necrosis of potatoes. Maine Agric. Expt. St. Ext. Serv. BnlL 
246, 12 p., 1938. 

A popular discussion of this disease with special reference to its 
relation to leaf roll. 

Pranke, H. M. 

IJntersuchimgen iiber die Physiologie der pflanzlichen Virose, 
(Investigations on the new ideas of the physiology of plant 
viroses.) Bioehem, Zeitschr. 293(1-2) : 39-63, 1937. 


Zur Physiologie der pflanzlichen Virose. (New ideas on the 
physiology of plant viroses.) Bioehem. Zeitschr. 296(1-2) : 
149-152, 1937. 
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Freeman^, Monroe Edward 

Separation of one component of potato rugose mosaic by pH 
diiferenee. Science n. s. 82 : 105, 1935. 

Different pH values were used. Rugose mosaic of potato at pH 3.6 
or less 110 symptoms. At pH 4.0 to 5.5 latent mosaic only. At pH 
5. 6-7.6 rugose mosaic symptoms. At pH 9.7 latent mosaic only was 
transmitted. 

Freitag, J[ulius] H[erman] 

Negative evidence on multiplication of curly top virus in the 
beet leafhopper, Eutetfix tenellus. Hilgardia 10(9) : 305-342, 

1936. 

The author states that: ^^The results of the investigation indicate 
that the curly tox3 virus does not multiply in the beet leafhopper. No 
evidence was found to support such a theory as has often been surmised 
on the basis of indirect evidence. ^ ’ The paper contains very interesting 
data. 

, & Severin, H[enry] H[erman] P[aul] 

Ornamental flowering plants experimentally infected with curly 
top. Hilgardia 10(9) : 263^298, 1936. 

The disease was produced by experimental transmission in 92 species 
of ornamental plants in 73 genera and 33 families. 

Priebe, P. 

(The electrical measurement of the degree of ‘'degeneration^^ of 
p)otato planting stock: A practical test with the new method 
of Hey and Wartenberg.) Pflanzenbau 9(9) : 351-355, 1983. 

Frieckling-er; H. W. 

Bine neve Rubenkrankheit. (A new beet disease.) .Die Urns- 
chan. 34:72-74, 1930. 

A virus disease. 

FukusM, T[eikicM] 

(An insect vector of the dwarf disease of rice plant.) Proc. 
Imp. Acad. Japan 13(8) : 328-331, 1937. 

Gadd, C[aleb] H[erbert] 

Phloem necrosis of tea. Inst. Ceylon, Ann. Rpt. 1936:27-28, 

1937. 

May be a virus disease. Causes a curling of the leaves. 

Gaddis, B. M., 

Braclication of citrus cauker and control of phony peach and 
peach mosaic. Journ. Eeoii. Entom. 29(5) : 940-944, 1936. 

The phony peach disease has been greatly reduced. The peach 
mosaic has spread with great rapidity. 



306 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OF P. E. 


Control of piioiiy peach disease. U.B.D.A. Plant Disease Rept. 
( Siipplerneiit ) 96:36-41, 1937. 

A brief history and discussion of methods of control. Also a state- 
nieiit as to present status and geographical distribution. 


Eradication of the peach mosaic disease. IT.S.D.A. Plant Dis- 
ease Rept. 96:45-^6, 1937. 

A brief review with -statements as to progress on survey, eradication^ 
present status and geograpMeal distribution. 


Progress in peach mosaic eradication. California Dept. Agric. 
Spec. Pnb. 155:50-54, 1938. 

Gallis, P.. 

L’ Ugni hlaiie et le eoiirt-noiie. (White ''Ugni'^ and ''court- 
iioiie’b) Progr. Agric. Yitic. 107(15) : 346-347, 1937. 

Observations supporting the work of Eons. 

Galloway, L. D.- 

Report of the Illlperi^ll Mycologist. Scient. Rep. Imp. Inst, 
Agric. Res. (Pnsa) 1934-35:121-140, 1936. 

Contains a plan for research on mosaic of sugar cane. 

GarbowsM. L[iidwik] 

(Determination of the health of potato seed tubers by preliminary 
(uiltiire from the eyes.) Proe. Wiidz. Cliorn. RosL Paiistw. 
Inst.. Naiik. Gosp. Wiejsk, Bydgoszczy. 15:31-41, 1936. 

Experimental work demonstrated the value of the tuber -iiidexiing 
.method. 


Wplyw na rozwoj mosaiki sinugowatej w doswiadezeniu z odniiana 
ziemniakow indiistria Modrowa. (Influence of soil on the de- 
velopment of streak mosaic in tests Avitli the potato variety 
inodrows Industrie.) Roczu. NeukroL, 41(2) : 387-391, 1937. 

A test of diseased potatoes on sandy and ou well manured soil. The 
plants on the sandy soil showed more pronounced symptoms of disease 
bnt the per centage of lose in yield was about the same. 


Proby przeszczepiania chorob wirusowyeh ziemniakdw, (Tests 
on the transmission of ^drl^s diseases of potatoes.) Preee 
Wydzielu Chorob I Szkodnikow Roselin. Panstwowy Inst. 
Nankowy GospoderstAva Wiejskiego. 16 : 5-39, 1937. 


Wplyw gieby n rozwdj mosaiki smugowatej w doswiadezeniu z 
odmiaiia ziemniakow Industria Modrawa, (Influence of the 
soil in the development of "bigarrarei’ mosaic in the culture 
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of the variety of potato ^ ^ Incliistria de Modrow^h) Prace 
Wydsialu Chorob I Szkodnikow Koslin. Paiistwowy Inst. 
Naiikowy Gospoderstwa Wiajskiego 16: 41-69, 1537. 

Details of observation's on the influence of soil on the behavior of 
potato mosaic of the type known as ^ ^bigarriire”. 


Postepy badaii iiad cliorobami wirusowymi roslin. Eeferat 
zbiorowy. (Progress on the studies concerning virus diseases 
of plants.) Praee Wydzialii chorob I Szkodnikow Roslin. 
Panstwowy Inst. Nankowv Gospodarstwa Wieiskiego. 16 : 127- 
173, 1937.‘ 

Gardner, M[ax] W[iliiani,,] Allard, Harry A[rdell^] & Clayton^ 
E[dward] E[astman.] 

Superior germ plasm in tobacco, U.S.D.A. Yearbook 1936: 785- 
830, 1936. 

Contains a short note on vims diseases. The xVmbalema is the only 
variety tested that does not contract ordinary tobacco mosaic. 

Tompkins, C[hristian] M[ilton,] & Thomas, H. Eex. 

Factors affecting the prevalence of the spotted wilt virus. Phyto- 
pathology (Abstract) 27(2): 129, 1937. 

Ghimsn, V. 

Virusnrile fitopatogene si virozele principaleior plante cultivate. 
Pagina Agrare Si Sociale 20 p., n, d. 

Starting with a brief historical sketch the author, reviews the work 
of others and then discusses viruses of a great number of cultivated 
plants. 


Afectiunile patologici si inamici tutuinulni din Komania in 1935. 
Bull. Cultiv. Ferment. Tutum. 24(4) : 410-418, 1935. 

Notc^ on virus diseases of tobacco, 

Giddin^fs, N[alium] J[ames] 

A greenhouse method for testing resistance to curly top in sugar 
beets. Phytopathology 27(7) : 773-779, 1937. . 

The author describes a method, more rapid than the field method and 

gives some of the results. 

Gigante, Efoberto] 

Nota preliminare stdla “Neerosi del euore” di patata. (Pre- 
liminary note on the heart necrosis of potato tubers.) Boll. 
R. Staz. Patol. Veg. 13(1) : 155-159, 1933. 

A disease which is transmitted by the tuber. 
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(Preliminary studies of the response of some Italian varieties of 
potatoes to the viruses.) BoL R. Staz. PatoL Veg‘. (Rome), 
n.s, 15(4) : 533-547, 1935. 

A discussion of the reaction of four varieties of potatoes to the X 
and Y virus and to combinations of the same. 


Seeondo eontribiito all eonoscenza della iiecrosi del cuore del 
tiiberi di patata. (A second contribution to the knowledge 
of heart necrosis of potato tubers.) Boll. R. Staz. Paz. Veg. 
Roma, n.s. 15(4) : 555-560, 1935. 

Plants from diseased tubers grew as well as those healthy tubers 
but the disease appears to be hereditary. 


Una niieva virosi della rosa in Italia (A new viroses of tlie rose 
in Italy) Bob R. Staz. Patol. Veg. Roma n.s. 16(2); 76-94, 
1936. 

Borne. Transmitted by a Macrosiphum aphid. 


II mosaieo del sedano (Celery mosaic). Boll. R. Staz. Patol. Veg. 
Roma, n.s. 16(2) : 99-114, 1936. 

Description of the disease and of experimental work in inoculation 
with aphids and from squash plants. 


II mosaieo della violaeiocca. (Mosaic of the Stock (Gillflower) .) 
Boll. R. Staz. Patol. Veg. Roma n.s. 16(3) : 166-174, 1936. 

Although brief, very comprehensive description of a virus disease 
of Stock flower (Gilltiower) Matthiola inoana, Histological, cytological 
and transmission studies were made. 


Una nuova malattia del pomodoro. (A new disease of tomato.) 

BoL R. Staz. Pat Veg. Rome n.s. 16(3) : 183-199, 1936. 

The author describes a disease of the tomato and the tomato plant 
ocurring in Sicily in 1935-36. Characterized by leaf variegation. After 
histological studies and observations the author con<dudes that the 
malady is due to a virus. 


La laciiiiatura da virosi delle foglie di pomodoro (The '‘fern 
leaf’ virose of the tomato leaf) BoL R. Staz. Pat Veg. Rome 
n. s. 17(1): 87-119, 1937. 

The author makes a very complete description of the disease. The 
cytological studies showed the presence of intracellular bodies which 
the author took for X bodies. Experimentally the disease was trans- 
mitted from plant to plant and from tomato plants to tobaeco plants 
causing local lesions on the later. The author concludes by stating 
that the virus producing this type of disease in tomato is of a com- 
' plex character. 
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Ricerclie istologiclie sulle ' ^ Omeoplasis crestif orm ’ ' (Eiiatioiis) 
clelle fogiie cli vite affette da raehitismo. (Histological in- 
vestigations on ^ ^ Omeophasia crestif ormi ” (Enations) of the 
vine leaf affected by ''rachitism”.) Bol. E. Stat. Patol. Veg. 
Rome. n.s. 17(2) : 169-192, 1937. 

The author reviews the work of others in regard to enation of several 
plants making comparison. Discusses thoroughly liis histological studies. 
He concludes that transmission experiments will be the hnal sure proof 
that this disturbance may be due to a virus. 


Esperienze siilla trasmissibita della ‘^necrosi del ciiore'’ dei tuber! 
di patata. (Experiences in tRe transmissibility of heart 
necrosis^’ of the potato tuber.) Bol. R. Stat. Path Veg. Roma 
n.s. 17(3) : 277-292, 1937. 

Summarizing the author states that potato tuber ^Hxeart necrosis is 
a hereditary disease which diminish the number of tubers produced in 
size and quantity and spoils its quality. He concludes that it is caused 
by a virus of the ^^Eisenfleckigkeit’ ^ type. 


II mosaico della fava {Yicia faba L.) in Italia e eomportamento 
di alcuiie leguminose di fronte ad esso. (The mosaic of the 
broad bean {Yiccia faba L.) in Italy and the behavior of some 
leguminous that confront it.) Bol. R. Stat. Pat. Veg. 17(4) : 
497-530, 1937. 

The author discusses the characters of Yicia faha L. mosaic disease, 
describes the disease, its histology^ and its transmission. He compares 
and discusses other leguminous virus diseases and concludes that the 
broad bean mosaic disease is not specific of the plant under study but 
that it presents characteristics of a complex virus. 

©okhale, V. P. 

Preliminary observations on small-leaf disease in cotton. In- 
dian Journ. Agric. Sei. 6(2) : 475-480, 1936. 

fiolden, Katherine E. 

Diseases of the sugar beet root. Proc. Ind. Acad. Sei. 1891 : 
93-97, 1891. 

The disease referred to in this paper and supposed to be due to 
bacteria was probably a virus disease recently described by Coons et 
al as savoy 

folding, F. D. 

Cassava mosaic in Southern Nigeria. Nigeria Agric. Dept. Bull. 
11:1-10,1936. 

The diseased plants yield 30 per cent less than the healthy plants, 

^Golding, M. !.■ 

On the so-called masking of virus diseases. Compt. Rend. (De- 
plady) Acad. Sci. U.S.S.R. 15(9) : 567-569, 1937. 
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Goodwin, W. & Salmon, E[mest] S[taiiley] 

Infectious sterility in iiop gardens in Czeclio-Slovakia, Journ. 
Inst. Brew. n. s*;' 33(4) : 209-210, 1936. 

A summarj based on description by Blattny and VuLolov. 

Goss, E[ol3ert] W[Mtniore] 

A review of tlie disease problems confronting the Nebraska 
growers of certified seed. Nebraska Potato Improvement 
Assoc. Ann. Bpt. 1935-36 : 6—14, 1936. 

Gontains records of virul^ diseases. 


A review of the disease problems confronting the Nebraska 
growers of certified seed potatoes. Nebraska State Bd. Agrie. 
Ann. Ept. 1936: 682-690, 1936. 


Summary of potato disease records from certification inspection 
in Nebraska for the past five years. IJ.S.D.A. Plant Disease 
Kept. 20(6) : 102-106, 1936. 

Contains data on losses due to several virus diseases. 

Gowen, John W[Mtemore], & Price, William C[oEway] 

Inactivation of tohaeco-mosaic virus by X-rays. Science 84 
(2189) : 536-537, 1936. 

The authors determined the type of curve in these experiments and 
say that : 

^^The type of curve obtained suggests that the absorption of a single 
unit of energy in a virus particle is sufiicient to cause inactivation of 
the particle. This same type of curve can be used for the killing of 
inaiiy organisnis. ’ » 

The authors give a brief comparison of tobacco mosaic particles and 
genes, and say: ^‘The fact that tobacco-mosaic virus is inactivated 
by radiant energy of the X rays and ultra-violet bands in a manner 
similar to that of genus suggested and alteration in the virus particles 
comparable to that which takes place in genes, 

Graber, L. P., & Sprague, V. 6. 

AlMfa yellows. Science 78(2033) : 556, 1933. 

Grainger, .T[ohn] 

An infectious chlorosis of the dock. Proc. Leeds Phil. & Lit. 
Soe. Sci. Sect. 1(8): 360, 1929. 

& Angood, E. 

The insect transmission of raspberry mosaic. Proc. Leeds Phil. 
& Lit. Soe. Sei. Sect. 2(4) : 183-184, 1931. 


Some economic aspects of virus diseases in potatoes. The Natu- 
ralist, p. 151-153, 1933. 



BIBLIOGRAPHY OF VIRUS DISEASES OP PLANTS 


311 


Low-temperature masking of tobacco mosaic symptoms. Nature 
137(3453) 31-32, 1936. 

Tlie symptoms were masked at 51° and 45 °F. The optimum tempe- 
rature for tlie plant growth was about 75°. The iiiovemeiit of the virus 
was greatest at 75° to 85 °F. 

Gram, Ernst. 

Yirusv clomiiie lios kartoffler. Tidsskr. Landokoii 2(2):61-8l3 
193k 

Grant, Theodore J., & Hartley, Carl. 

A witelies’ broom on black locust and a similar disease on 
honey locust. IT.S.D.A. Plant disease Kept. 22(2) : 28-31, 1938. 

The authors give a large number of records and also describe a 
witches’ broom on honey locust. It has not been definitely proven that 
these diseases are due to a virus. Cause not given. Resembles a virus 
disease. 

Gratia, A[ndre] 

Bacteropliage et virus des plantes. (Baeterophage and virus 
of plants.) Bull. Acad. Med. Beige. 5(15) : 208-225, 1935. 

, & Manil, P. 

Virus des plantes et heredite. (Plant viruses and heredity.) 
Compt. Rend. Soc. Biol. (Paris) 122(22) : 814-815, 1936. 

The authors give their results of studies and give evidence against 
the hereditary theory of virus perpetuation. 


& 

Perte et recuperation de la propriety ^'carrier’’ de virus X chez 
le pomme de terre. (Loss and recovery of the property of 
'A^arrier’’ of virus X in the potato.) Compt, Ren A Soc. Biol. 
(Paris) 123(27) : 325-326, 1936. 

These studies indicate that seedlings from virus X inoculated with 
the virus were found after two weeks to possess a principle wliich was 
lost through sexual reproduction. 

& 

Poiirquoi le virus de la mosaique du tabae et le virus X de la 
pomme de terre ne pressent-ils pas a la descendance par les 
graines f CWliy are the tobacco mosaic and X potato viruses 
not transmitted to the progeny through the seed!) Compt, 
Rend. Soc. Biol. (Paris) 123(29) : 509-510, 1936. 

Antisera studies show that the virus does not exist in the pollen and 
that it is attenuated in the floral organs. 

. 

ultraeentrifugatioB ^ des : plantes. , ( On , the ultracentrifuga- 
tion of plants.) Compt. Rend. Soc. Biol. (Paris) 126(27): 

..423-425,, ,1937., 
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, & 

IJltraceiitrif ligation et cristallization d ' uii nielaiige de virus de 
la mosaiqiie du tabac et de bacteriophage. (Ultracentrifuga- 
tioii and crystallization of virus of tobacco mosaic & bacterio*- 
phage.) Coinpt. Rend. Soc. Biol. (Paris) 126(32) : 903“906j 
1937. 

Gray, George W. 

Where life begins: Search among the gene, the virus and the 
eiizyrne. Harpers’ Magazine 174:279-289, 1937. 

A part of tills paper (pages 285-289) is devoted to a popular discus- 
sion of the work of Stanley with some reference to the work of others.. 

Green, B. E. 

The virus of spotted wilt in Gloxinias. Gard. Chron. 2(2488) : 
96, 159, 1934. 

P'opular. 

Gregory, G. H. 

Water-core in apples. Queensland Agric. Journ. 44(6) : 748— 
750, 1935. 

Gulyas, Antal 

■Die Pasciatioii der Tabakblatten iind die Mossikkraiikheit. (Sports 
of tobacco leaf and the mosaic disease.) Jahrb. K. und 
Landw. Acad. Debrecen p). 129-136, 1928. 


Die memnorierte Panaschierung der Tabakblatter und das Mosaik. 
(The niarinoreal variegation of tobacco leaf and mosaic.) 
Keiserlet. Kbzlem., Budapest 31 : 261-273, 1928. 


A magyar dohanyok virus-betegeegei. (On the virus disease of 
Huiignriaii tobacco.) Rep. Hung. Agri. Expt. Sta. 39(1-3) : 
1-34, 1936. 

A discussion of several well known virus diseases. 

Gutermann, C[arl] E[dward] F[rederick] 

The lily project. Month. Bull. Horl. Soe, of New York. 1936: 
3-7, 1937. 

Popular. Some data on mosaic. 

Hansen, Henidiig P, 

Yirussygdomme hos kartoifel. (Virus diseases of potato.) Uges- 
for Landmaend. 39(81) : 610-613, 1936, 

Brief popular descriptions of the most common potato diseases. 


Sprediiingsbetingelser for kartoffelens virussydomme i Porhold til 
praktisk Kartoifel-fremavl. Reprint from llgeskrift for Land- 
maend 4 p., 1937. 

The writer aeeomits for the finding of X, Y, and leaf roll virw 
.diseases in.Peiimark. 
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Stiidier over kartoffelviroses I (Studies on potato virosis in Den- 
mark.) Saortryk of Tidsskrift for Planteavl 42. Bind trlj” 
dendalske Bogliandel Nordisk Forlag 631-681, 1937. 

A diseussion of the potato vims diseases in Denmark and the viruses 
involved. 


Stiidier over kartotfel-viroses in Danmark (Studies on potato 
virosis in Denmark). Tidsskr. Planteavl. 43(4) : 631-681, 
1938. ■ 

Hansford, Clilford] G[erald] 

Anual Eeport of Mycologist 1934. Ept. Dept. Agric. (Uganda) 
year 1934 (Paid/ll) : 73-88, 1936. 

Mentions three types of rosette of Arachis hypogaea. (1) Typical 
rosette. (2) mottling of the leaves and (3) yellows or a prononneed 
mosaic. 

Harley, C[arl] P[ierce] 

Water-core of applies. Wasliington State Hort. Ass. Proe. 1934: 
105-108, 1935. 

Harrington, F[rank] M. 

Tuber index work. Potato Ass. Amer. Proe. 1928, 15: 332-338, 
1929. 

Harris, R. V. 

Mosaic disease of the raspberrv in Great Britain. 1. Journ. 
PomoL & Hort. Sci. 11(3) : 237-255, 1933. 

The author recognizes types A, B, and G of mosaic, Devon leaf curl 
and Devon chlorosis. The author reported on susceptibility of varieties 
and other observations. 


Zantliosis-virus of stra, wherry. Canada Dept. Agrie. Canadian 
Plant Disease Survey 1930 : 60, 1934. 

& Grubb, N. H. 

Easpterrv mosaic disease. East Maliiiig Ees. Sta. Ann. RpU 
1934:62-63, 1935. 


Virus diseases of strawberry. East Mailing Ees. Sta. Ann. 
Ept. 1984:63, 1935. 


Growing liealtliy raspberries; the control of diseases and pests. 
East Mailing Ees. Sta. Ann, Ept. 1935 : 232-242, 1936. 

Includes a discussion of mosaic and two nutritional disorders in rela- 
tioii to mosaic, leaf -scorch and effect of manuring on mosaic. 
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, & Hildebrand, A. A. 

_ All iiivestiga-tioii of strawberry virus disease in Ontario. Cana- 
dian JoiiriL Res. 0 15:252-280, 1937. ■ 

A discaasiori of experimental atiidies in Canada. 


Virus diseases in relation to strawberry eultivatioii in G-reat 
Britain. A synopsis of reeent experiments at Bast Mailing. 
Report on Mycology and Bacteriology of the year 1936. East 
Mailing Res. Sta. Ann. Rpt. 1936-37 : 201-211, 1937. 

A review containing Iiistorieal notes, metliods of determination of 
yellow edge and crinkle. Also notes on vectors and control. Crinkle is 
transmitted by Capitophonis fragaefolii Col. wliieli tlie author believes 
be the same as Myms fragaefolii CocklL 


Studies in Strawberry virus diseases. III. Transmission experi- 
ments with crinkle, 1935. Report on Mycology and Bac- 
teriology for the year 1936. Bast ]\lallmg Res. Sta. Ann. Rpt. 
1936 ; 2i2-221, 1937. 

The author describes his experiments which lead to the opinion that 
yellow edge and crinkle are distinct diseases. 

, & Hildebrand, A. A. 

An investigation of strawberry virus disease in Ontario. Cana- 
dian Jonrn. Res. C. (Bot. Sci.) 15(6) : 252-280, 1937. 

Yellow edge in southeastern England and in southern Ontario may 
be identical. It is not known that either of these diseases is the same 
as the xanthosis of California. Three Ontario varieties are symptomless 
carriers. V^arieties of F. chiloensis which have proved to be symptom- 
less carriers with high resistance may prove to be absolute. F, virgi- 
niana are highly susceptible. Some highly resistant varieties are not 
entirely resistant. 

Harrison, A[rtlinr L.] 

The pea mosaic Ksitnation in New York State in 1936. TJ.S.D.A. 
Plant Diesase Rept. 20(16) : 259-260, 1936. 


Varietal susceptibility of lima beans to mosaic. U.kS.D.A. Plant 
Disease Rept. 20(18) : 291, 1936. 

, & Burkholder W[alter] H[agemeyer] 
y : Oanning bean diseases in New York in 1936. TJ.S.D.A. Plant 
Rept. 22(8) : 290, 1936. 

"A report on the prevalence of common bean mosaic and of a new 
■V 'dwarfling disease. 

Hartung, W. J. 

Evasion of curly leaf disease or “blight”, Farm Bureau Mon., 
Montei-ey County 6(3): 13-16, 1924. 

, Popular. . 
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Harteell, .Albert 

A study of peach yellows and its insect vector. Coiit. Boyce 
Tlioinpson Inst. 7 ; 183-207, 1935. 

The author gives a brief history of the disease, its distribution, symp- 
tom's and studies on insect transmission. Macropsis trimaculata is the 
only insect known to transmit this virus. Forty seven other insects were 
tested. 


Iiieiibation period of peach vellows in its insect vector. Coiitr. 
Boyce Thonip. Inst. 8(2)^113-120, 1936. 

The incubation period ranged from 10 to 26 days. All experiments 
were made with nymphs except in one ease in which adults were used. 
In the case of the adult the time was 16 days. 


Movement of intracellular bodies associated with peach vellows. 
Contr. Boyce Thomp. Inst. 8(5) : 375-388, 1937. 

The author reports the movement of these bodies by means of cine- 
photomicrography. Bodies similar in appearance were found m the 
salivary glands of living Macropsis trimaculata which had feed on 
3 ^ellows trees for one to three weeks. Bodies were not found in insects 
fed on healthy trees. There appears to be a parallel relationship in 
raster yellows and the insect vectors. There is a much greater cellular 
■disturbance in diseased plants and insects than in corresponding tis’sues 
from healthy plants and insects. Movement was also observed in 
■infeeted tissues that were crushed on a microscope slide. This does not 
appear to be a Brownian movement. 


Bionomics of the plum and peach leafhopper, Macropsis irimU’ 
eulaia. Contr. Boyce Thomp. Inst. 9(2) : 121-136, 1937. 

A careful study of this insect which is the vector of peach yellows. 


Movement of intracellular bodies associated with peach yellows. 
Phytopathology (Abstract) 27 ( 2 ) : 130, 1937. 

Harvey, R[oney] B[eecher] 

Blanching eeleryu Minnesota Agric. Expt. Sta. Bull. 222, 20 
. „ , p.,. 1925. 

The author gives the results of diseased celery plants when blanched. 
He states. is indicated that the blanching of \3ome varieties is 

hastened by the infection of the plants by mosaic disease. Ghlorotic 
varieties are more easily blanched than dark leafed plants.) I 

, Heberdey, Rudolf B. : . ; ' 

Entomological mvestigations on the spike disease of sandal 
(anthieidae.) Indian Forest Bee. 20(6): 1-24, 1934. 

A study of the insect fauna of the sandal. 
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Heierle, E. 

Untersiicliiiiigen einers miter clem famen Rosts in der Schweiz 
stark verbreiteten Tabakkrankheit. Ber. Schweiz Bot. (les. 
47 : 363-368. 

Tiie name ‘ ‘rost ’’ is used for wildfire, angular leaf spot and virua 
diseases. 

Heinicke, A. J. 

Seed eoiitent and position of fruit as influencing stippen. Proe.. 
Amer. Soe. Hort. Sei. 1920; 17:225-232, 1921. 

Heinze, K. 

Zur frage der iiebertragung der Kartoffelviroseii ducli jassiden., 
Phytopatli. Zeitselir. 10(6) : 606, 1937. 

Herve, J. 

An sub jet de la panacliure de nos Hibiscus et de la panachure 
infectiense des malvacees. Considerations pratique siir la cul- 
ture des Hibiscus. (Variegation of our Hibiscus and infec- 
tions variegation of tlie Malvaceae. Practical considerations' 
on the eiilture of Hibiscus.) Bull. Agric. Fort, de Prance, 
n. s. 5(2) : 137-141, 1936. 

Herzberg, K. 

Filtrierbares Virus als Kranklieits erreger bei. Menseli Tiery. 
imd Pflaiize. Cliemiker Zeitsg. 60:824, 1936. 

Hewitt, J. Lee, & Truax, H. E. 

An iinknowii apple disease, Arkansas Agric. Expt, Sta. Bull.. 
112:481-491,1912. 


To vizualize a distinction between viruses and organisms. Pliyto- 
patbology (Abstract) 25:892, 1935. 

Hill, A. V. 

Yellow dwarf of tobacco in Australia. I. Syiirptoms. Journ.. 
Coiinc. Sei, & Ind. Res. Australia 10(3) : 228-230, 1937, 

A description of a disease which appears to be caused by a virus. 


t Big bud of tobacco. Journ. Counc. Sei. & Ind. Res. Aus- 
tralia 10(4) : 309-312, 1937. 

A deseription of this disease. 

Hirayama, SM^ekatsu, & Yuasa, A. 

(Cytological study of tobacco mosaic, II.) Ann. Phytopath. Soc, 
(Japan) 6(2); 119-128, 1936. 

This is a contmuation of a previous paper on this same subjeck 
There were no irregularities in the reduction division and the tetrads: 
were normal. Diseased plants 88.91 per cent apparently normal pollen 
grains, while healthy produced 83.34 per cent. The degeneration appears 
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to develop after tetrad formation. A high percentage of seed crosses 
between diseased and healthy plants failed to germinate. Inoculation 
with boiled juice from diseased plants does not cause X bodies- Healthy 
plants placed in 0.05 per cent of ammonium molybdate wilted in 3 days 
and produced bodies resembling X-bodies. 


(On the germination of pollen obtained from mosaic tobacco 
plants.) Proe. Imp. Acad. Tokyo, 12 ( 7 ): 203-204, 1936. 

This work was suggested by Kostoff’s reports. The author tested 
a large number of pollen grains. Sterile pollen was found in both 
healthy and diseased plants. Comparing the degree of the germination 
of apparently normal pollen between healthy and diseased plants, the 
average percentage of the germinated pollen is rather higher in the 
diseased plants than in the healthy ones. The writer observed the X 
or inclusion bodies in the pollen of the diseased plants. 

, & Yuasa, A. 

(Cvtological study of tobacco mosaic, I.) Ann, Phytopatli. Soe. 
OJapan) 5(3) ^197-205, 1936. 

The study was made on Nicotiana todacum var. Hatano. The authors 
found X-bodies in ail leaf tissues, in stems with hairs, in roots except 
in root hairs, root caps and ealyptrogens and in the various parts of 
the flowers. However, they vrere rare in microsporogenous cells, pollen 
mother cells, pollen and pollen tubes. Striated materials, rapMds, 
crystalline plates and amorphous bodies were found in all tissues contain 
X-bodies. The X-bodies and all other types of bodies appear to be 
derived from the cytoplasm, 

& 

Occurrence of inelnsion bodies in the guard cells of the stomata 
of mosaic-tobacco plants. Ann. Phytopath. Soc. (Japan) 6(4) : 
305-306, 1937. 

The authors report the flnding of inclusion bodies in guard cells of 
stomata. These results are contradictory to the results obtained by 
' Sheffield. 

Ho, William T. H., & Li, L. Y. 

Preliminary notes on the virus diseases of some economic plants 
in Kwangting proyince. Lingnan Sci. Joiirn. 15(1) : 67-78, 
1936. 

A report on virus diseases of Capsicum sp., Carica papaya, Crotalaria 
saltiana, Ficus carica, Lycopersicon esculentum, Morus alh a, Nicotiana 
tahacum, Fhaseolus vulgaris, Solanum melongena, S. tu’berosum, Sac- 
cliarum offickiarum and Zea mays (sweet). 

Hoggan, Isme A [Idyth], & Johnson, James. 

Behavior of the ordinary tobaeeo mosaic in the soil. Journ. 
Agrie. Res. 52(4) ; 271-294, 1936. 

The authors made greenliouse and laboratory experiments with 
tobaeeo viru's No. 1. The virus leached readily from decaying plants 
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into the soil. The degree of water saturation of the soil above a low 
mininiumj and the range of hydrogen-ion concentration occuriiig natur- 
ally in soils, did not appear to affect the inactivation of the viriis» 
Aeration evidently inactivated both directly and throiigli its^ influence on 
microbial activity, but it separated relatively slowly. ‘ Soil teiuper- 
atiires between 5° and 30°G. did appreciably affect the rate of inac- 
tivation of virus extract in the soil. At 40 °0., inactivation was definitely 
greater. Freezing the soil, however, caused rapid inactivation of virus 
extract in the soil .... Neither freezing not desiccation caused any 
appreciable inactivation of virus present in iindeeayed plant tissues in 
moist soil. 

Holmes, Francis 0 [liver] 

Comparison of derivatives from distinct strains of tobaceo-inosaie 
virus. Phytopathology 26(9) : 896-904, 1936. 

The author worked with two strains, masked and distorting. Other 
derivatives were derived from these strains. A symptomless strain may 
give rise to derivatives causing severe symptoms. A syinptoinle.ss 
strain may be introduced into a country and then give rise to severe 
derivatives. The author gives suggestions for detection of symptomless 
•strains. 


Interspecific transfer of a gene governing type of response to 
tobacco-mosaic infection. Phytopathology 26(10) ; 1007-1014 
1936. 

The author gives the following summary: 

'^A necrotic of response to infection with tobacco-mosaic virus 
was introduced into the species Mcotiana paniculata. This was ac- 
complished by the transferring a dominant gene N (necrosis) from N. 
rusHca, through repeated back crosses of the hybrid A. pdni&uluta X 
A. Tusiica using N, paniculata pollen, but retaining in each generation 
only individuals responding to inocculation by production of necrotic 
lesions. The necrotic-type variety of N. pmiiculata thus produced was 
self fertile and, in appearance, resembled the ordinary mottling-type 
A. paniculata. In its response to infection, however, it was essentially 
like A . rmtica, dying from systemic necrosis if infected when young, 
localizing virus if infected when old.'^ 

'lA dominant gene D (unmodified necrosis), not found in McMiana 
TusUm, -Nm observed in the newly derived necrotic-type N. pmimlaU 
plants. It was found to segregate independently with respect to the 
gene N. (necrosis). In the presence of H, the gene D allowed necrotic 
primary lesions to appear promptly, and prevented extensive yellowing 
of surroniiding tissue.’’ 


Hereditary factors affecting tobacco- mosaic di.sease in solanaeeous 
plants. Phytopathology {Abstract) 27(2) ; 131, 1937 . 
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Genes affecting i*esponse of Ntcofiana tahaciini hybrids to tobacco- 
mosaic ^dITIS. Science 85(2195) : 104-105, 1937. 

The author gives the results of his studies on hybridization. The 
author believes that the virus would be unable to survive in plants con- 
taining certain genes and that it might disappear or be reduced by 
the elimination of the reservoir in the host plant. 


Inheritance of resistance to tobacco-mosaic disease in the pepper. 
Phytopathology 27(5) : 637-642, 1937. 

The author reports four types of the disease produced by infection 
of Capsicum frutescens with tobacco mosaic virus I (distorting strain) 
and that they are controlled by three genes. 


Taxonomic relationships of plants susceptible to infection by 
tobacco-mosaic virus. Phytopathology 28(1) : 58-66, 1938. 

This is a paper on plants susceptible to tobacco virus I. A total of 
46 species in BO genera and 16 families were found susceptible. 


Strains of tobacco resistant to tobacco mosaic. Phytopathology 
(Abstract) 28(3) : 9, 1938. 


Inheritance of resistance to tobacco-mosaic disease in BroimUia, 
Phytopathology 28(5) : 363-369, 1938. 

"When identical plants of BrowalUa speciosa var. major were inoculated 
some of them developed systematic and some local symptoms. Tlw 
necrotic’type plants were ’found to possess a dominant gene N. 

Honing, J. A. ■ 

Ben steriele dwergvorm van Beli-tabak, ontstaan als bastaard, 
A sterile dwarf form of Deli-tobacco originated as a hybrid*. 
Deli Proefs., Medan, Sumatra. Bull. 10, 24 p., 1917. 

In the results obtained in his studies he made observations in rela- 
tion to ^ ^ kroepoek ^ ^ disease relating them to the work of others. 

Hope, 0[laiide King], C[lialmers] J[ackson], & Parker 0[rlan] 
The effect of crazy top disorder on cotton plants and its control 
by iiTigation management. U. S, Dept. Agric. Tech, Bull, 
515, 44 p., 1936. 

A history, description and other data on this disease. A diseussion 
of its economic importance and reaction to water supply. 

Seasonal notes on tobacco disease. 2. Mosaic. Rhodesia Agric. 
Jourm 
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Seasonal notes on tobacco diseases. 7-9. Rhodesia As'i’ic. Journ. 
32(2) ; 108-113, 1935. 

Part 7 refers to mosaic. 

Horning, 6. 

Yergleicliende Uiitersnehnng versehiedener Metlioden zur bestini- 
iming des Abbaii-grades bei Pflanzkartoffeln. (Comparative 
stiid}^ of various metliods for the determination of the degree 
of degeneration of potato seed tubers.) Pfianzenbau 13(6) : 
209-231 1936. 

A report of comparative tests of the infection seed tubers of potatoes 
infected with virus diseases. A very low correlation was established. 

Horsfall, J[aines G.] 

A study of meadow-erop diseases in New York. Cornell Univ. 
Meirioir 130, 1930. 

Contains some data on red clover mosaic. 

, & Burkholder, W [alter] H[agenieyer], & Reiuking, 

Otto A[ugust] 

Diseases of green refugees beans in New' York in 1937. IJ.S.D.A. 
Plant Disease Kept. 21(17) : 318-319, 1937. 

A short paper devoted almost entirely to mosaic of Fhaseolus vulgaris 
(green refugee). The types produced by Pierce and Walker and the 
Idaho refugee were practically immune to ordinary mosaic. A new 
disease designated as ^^one sided mosaic was reported. This had 
been mentioned in 1936 by both Harrison and Burkholder. The authors 
give a description of the disease. 

Hudson A, W., & Woodcock, J. W, 

Locality in relation to seed potato production. Experiments on 
the effect of place of growing on yield and incidence of virus 
in potatoes. New" Zealand Journ. Agrie. 50(2) : 98-106, 1935. 

Very comprehensive discussion of the results of their tests and ob- 
servations. 

Hurt, E. H. 

The phony peach and other peach diseases in Virginia. Virginia 
State Hort. Soe. Rpt. 38:64, 69, 1933. 

Hurst, ' E. E. 

Eesistance studies of Irish cobbler and Green mountain strains 
for late blight and virus diseases. Canada, Progress Rpt., 
Dommion Botanist, 1931-34: 69-70, 1935. 

Hus,"P." 

Stippigheid. De Nieuwe Veldbode 3(9) ; 7-9, 1935. 
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HutcMns, L[ee] M[ilo] 

PiioiiT peach, a new and dangerous peach disease. Proc. Mary- 
land State Hort. Soc. 34:43-51, 1932. 


Peach mosaic. A new virus disease. Science 76:123, 1932. 
A deseriptioii of a new diseases. 


The peach mosaic disease. California Dept. Agric. Selec. Pub. 
No. 145 : 60-61, 1937. . 

& Bodine, E. W., & Thornberry, H. H. 

Peach mosaic, its identification and control. U.S.D.A. Circ, 427, 
48 p., 1937. 

A very exeeilent publication which gives a very thorough discussion 
of our knowledge of this disease up to this time. It is well illustrated. 

HutcMnsoii, C. B. 

Mottle leaf of citrus : Other diseases of citrus. California Agric. 
Expt. Sta. Rpt. 1932-34 : 59, 1934. 

Mention of scaly bark or peorosis. 

Imle, E. P., & Samson R[ayburn] W[alter] 

Studies on a ring-spot type of virus of tomato. Phytopathology 
(Abstract) 27(2) : 132, 1937. 

Ingram, J. W., & Summers, E. M. 

Insects that carry mosaic disease of sugar cane. Sugar Bulletin 
16(6) : 4-7, 1937. 

The author refers to the three known carriers of this virus. Aphis 
maidis, Eysteroneura setariae and Toxoptera graminum. Also to other 
insects that may be carriers. Although JET. setariae is not as ejfficient 
as A. maidis, it occurs in much greater numbers. The paper also refers 
to host plants and states that in studying insect transmission of mosaic 
it was considered that the amount of spread caused by insects is in pro- 
portion to the number of carriers present, and to the kind and number 
of alternate host plants in and around the field. ’ ^ 

Ivanic, M. 

Ispitivanja etiologije nolesti inozaika ii iiekih fanerogainih biljaka 
( Untersuehiingen iiber die altiologi der mosaik-kraukheiteu bei 
eiiiighen phaneorogamen pfianzen.) Archiv. Monst. Poljopr. 
Smotra Maueh. Poljopr. Rad. (Yugoslavia) 1(1) : 107-133, 
1934. 

Jacob, J. 

Tulip notes; suggestions about rectifications and arrangment. 
Garden (London) 82 : 304, 1918. 

Jabnel, ,H. 

^ W an Abbaukrankken Kartoffelnv 

(Auxin investigations on degenerate potatoes.) Phytopath, 
1937. 
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Jamalaiaea, E. A. 

Herneen semeiiten sisainen turmeltumineii. (Internai iieerosfe 
of ■ pea seeds.) Yaltion Maatalonskoeto imimian Julkaisnja 
No. 79. (Agric. Bxpt. Sta. Activities of Finland No,. 79.) 

Tills disease is not due to bacteria or fungi. It shows some symp-- 
toms of a virus. 


Boorin vaikiitns knoppatandin ssiintymisseen onienissa. (The 
effect of boron on the occurrence of the cork disease in apples.) 
Yaltion Maatalonskoeto iminnan Julkaisiija No. 89, (Agrie. 
Expt. Sta. Bull. 89 of Finland.) 

We have included this paper because some workers believe this disease 
is due to a virus. Most of the trees treated with boron were free from 
the disease. 

Janson, A, 

Stippe der Keriiobstfruclie. Gardenflora 78 : 241-242, 1929. 

Jensen, James H[erbert] 

Studies on representative strains of tobacco-mosaic virus. Phy- 
topathology 27(1) : 69-83, 1937. 

The author reports 55 strains of tobacco mosaic virus and describe® 
12 of them. They vary greatly in severity. Some of the strains were* 
tested for reactions to heat and withstood a temperature of 80 for 
10 minutes. 

Johnson E[dward] M[arshail] & Valleau W[illiam] D[omay] 

Susceptibility of tobacco plants visibly affected with mild tobaccO’ 
mosaic to other strains of the virus. Kentucky Agrie. Expt. 
Sta. Res. Bull. 360:192-201, 1935. 

The authors give the results of a series of experiments and say^ — 
^‘ The tests seem to prove that if a tobacco leaf inoculated with m- 
second strain of a virus is unoccupied or partly occupied by the first 
strain, so that the second may multiply, the .second virus will eventually 
be transported to the growing point where it will have an opportunity 
for multiplication equal to that of the first strain. The growing point 
of a tobacco plant appears to be entirely unprotected by one stram 
of a tobacco mosaic virus against another strain if the latter has Quf- 
ficient uninvaded tissue in which to multiply and from which it may be 
transported to the growing point. Protection is afforded individual 
groups of cells, perhaps, but the plant as a whole does not develop- 

h'T''',.' ''dmmnnityd’ 

& ' " 

The ring symptoms of the virus diseases of plants. Kentucky 
Agric. Expt. Stat. Res. Bull. 361 : 239-263, 1935. 

The extensive studies recorded in the paper axe summarized as fol- 

. lows: 



BIBLIOGRAPHY OF AHRUS DISEASES OP PLANTS 


323 


^ ^ Cliiorotic or necrotic rings may be present as the only doinite 
symptom or as an accompanying symptom in plants affected with various 
virus diseases. Eings may be present as ioeaL symptoms on inoculated 
leaves or as transitory or permanent symptoms in un-inoeulated, com- 
pletely or partially invaded tissue/ ’ 

‘ ‘ The following tobacco viruses capable of producing rings in tobacco 
are discussed: Eing tobacco mosaic (2 strains), yellow and white 
mosaic; cucumber mosaics, etch viruses, viruses from Belphmium. sp. 
Flantago major, and Mertensia virginica (possibly cucumber mosaic), 
and two unidentified/^ 

‘ ‘ It is suggested that the ring symptom is not diagnostic for any 
specific virus disease because similar rings may occur in plants, especially 
tobacco, affected with -such unlike viruses as tobacco ring spot, healthy 
potato, etch, tobacco mosaics, cucumber mosaics, and others. Iisually 
other symptoms accompany the rings, which make classification ]possible, 
but sometimes property and host-range studies may be necessary for 
inoi'e exact classification.” 


& 

Mosaic from tobacco one to tifty-two years oki Kentucky Agi'ic. 
Expt. Sta. Res, Bull. 361 : 26^271, 1935. 

The authors summarize this paper as foUows, — 

‘ Turkish tobacco plants never touched by hands were inoculated with 
decoctions made from dried tobacco material 1 to 52 years old. Forty- 
one ground samples 24 to 39 years old were used to inoculate 241 tobacco 
plants of wliieh 45 plants, representing 17 samples, developed mosaic. 
At least 5 different strains of mosaic, recognizable by diff‘erent degrees 
of severity of symptoms, were produced from the Chemistry Department 
samples. ’ ’ 

^ Seventy-six samples, 1 to 15 years old, known to contain mosaic 
when collected, were used as inoculum for 84 tobacco plants of which 79 
developed mosaic. There was no evident loss in infectivity of the 
mosaic virus in dried tobacco 7 years old. After 8 years there seemed 
to be gradual decrease in the concentration of the vii'ue. At least 12 
strains of the mosaic virus were tested and all survived in dried 
tobacco.” 

Dried leaves from tobacco grown in 1882, the year Adolf Mayer 
published the first description of tobacco mosaic, were tc^sted for tobacco 
mosaic virus. Of 30 plants inocculated with this materials, 18 developed 
mosaic. Two strains, a yellow, and a green distorting type, appeared. 

Johnson, F[olke], & Jones, L[eon] K[ilby] 

Two mosaic diseases of pears in Washington. Journ. Agric. Res. 
54(8) ; 629-638, 1937. 

The authors report two virus diseases; (1) enation mosaic and (2) 

severe mosaic. They are rarely transmitted in the seed. The latter has 
a wide range of hosts and the former a much more limited range. The 
viruses are quite different. 
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Johnson, Hfoward] W., & Lefebyre, C. L. 

Crotalaria mosaic. Phytopathology (Abstract) 28(1); 10, 1938. 

Johnson, James, Sa Hoggan, Isme A [Myth] 

The iiiaetivation of the ordinary tobaeco-mosaie virus by iniero- 
organisriis. Phytopathology 27(10) : 1014-1027, 1937. 

Tobacco virus I is inactivated or occasionally attenuated by a number 
of bacteria and fungi. The fungi are more effective than the bacteria. 


An acquired immunity to the tobacco streak disease. Trans, 
Wiseonsin Acad. Sci. 30 : 27-34, 1937. 

Plants that are naturally infected show signs of recovery. Bight-hun- 
dred plants inoculated in the green house have shown similar character; 
130 of these plants were inoculated a second time but did not develop the 
diseases. Six other viruses did not yield any significant protection 
against the streak virus. The streak virus did not give protection 
against these .six viruses. 


Factors relating to the control of ordinary tobacco mosaic. Jourii. 

Agric. Ees. 54(4) : 239-273, 1937. 

, The author used tobacco virus I. The virus survives in fairly high 

concentration in cigar and eigarretes but very slight in other commercial 
tobaccos. Virus in refuse may be inactivated under weather conditions 
in 5 or 6 months. It will survive in roots of the proceeding crop. 

Jones, L[eon] K[ilby] 

The mosaic disease of beets. Washington Agric. Expt. Sta. Bull. 

250, 16 p., 1931. 

, & Vincent, C[hester] L[eon] 

The susceptibility of potatoes to the vein-banding virus. Journ. 

Agric. Ees. 55(1) : 69-79, 1937. 

This virus spreads rapidly. Crosses show that katahdin was the only 
variety which transmitted resistance to seedlings. Some varieties were 
more resistant than others. Some varieties carrying a latent virus showed 
symptoms of rugose mosaic when infected with vein-banding virus, 


Crinkle and mosaic of Geranium. Phytopathology (Abstract) 
& Biirk, Earl P. ■ 

The resistance of Katahdin potato seedlings to infection by the 
yeinbanding virus and the tobacco mosaic VJims. Phytopatho- 
logy (Abstract) 28(1) : 11, 1938. 
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Kadow, K[eniietli] J[ohii,] & Anderson, H[any] W[arren3 

Brittle root of horse-radish in Illinois. U.S.D.A. Plant Disease 
Kept. 22(18) : 288, 1936. 

This disease has been known for several years. It is identical with 
curly top of beet on liorae radish as described by Severin. The leaf- 
hopper (Eutettix tenellus) has not been reported from Illinois but other 
leaf hoppers are abundant. 

Kaho, K. 

Das Verhatten cler Eiweisstoffe gesimder iiiid abbaukranker Kar- 
toffelknolien gegen Salze. Acta Comment: Univ. Taetnensis 
A29 : 1-32, 1935. 

Kameras, A. T. 

(Neueste metlioden zur laboratoriellen Bestimmung des Abbanes 
der Kartoffel an den Knolle.) Trudy Prikl. Bot. Pr. Ser. A. 
9:63-76, 1934. 

, & Anikieff, A. M 

(Investigation of degeneration in the potato by Bechhold and 
Elbe's method.) Bull. Appl. Bot. Select, 1937. Ser. 2(11): 
201-214, 1937. 

Besults of year ^s tests using B. So B. copper strip method. The method 
is not altogether accurate. 

Katsura, Sabnro 

The stunt disease of Japanese rice, the first plant virosis shown 
to be transmitted by an insect vector. Phytopathology 26(9) : 
887-895, 1936. 

A very complete history of the studies by several Japanese plant 
pathologists. 

Kaufmaim, ,0. 

Eine gefahrliche Viruskrankheit an Riibsen, raps und Kohlriiben. 
(A dangerous virus disease of rape, colza and kohlrabi.) Arb. 
Biol. Keichsanst, Land-u-Forstw. (Berlin) 21(4) ; 605-623, 
1936. 

A descriptive of this disease wiiich is transmitted by Lyffm pratensis, 

Kansche, G. A. 

Zur Prage der Beziehuiigen zwischen Virusinfekt und Stoifwech- 
seiphysiologie bei pflanzenlichen Virosen. (A contribution to 
the question of the relationship between Virus infection and 
metabolic physiology in plant viroses.) Bioehem. Zeitschr. 294 
(5-6) : 365-371, 1937. 

'Eawamura, T. 

(The mosaic disease of lily and the effect of deficiencies of potas- 
sium on the same host.) Journ. Plant Prot. 22: 713-718, 771- 
779, 848-855, 1935. 

three types of virus diseases, — (a) crooked neck, 
(b) rosette and (c) pimple leaf. 
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So-called virus diseases of lily in relation to hosts, xinn. Pliyto. 
Soe. Japan 7(3 & 4) : 163-172, 1937. 

The author describes three types of virus diseases, — (a) crooked ueckj, 
(h) rosette and (o) pimple leaf. 

KMdyne, I. P. 

( Yiriis diseases of tobacco in U.S.S.R.) The A. I. Mikoyaii Pan- 
Soviet Sci. Inst. Tob. and Indian Tob. Ind. V.I.T.I.M,). 
Krasiioder. Piibl. 130, 79 pp., 1936. 

A review of tobacco virus diseases. 


Kidd, F. 

The bitter-pit problem. Low Temperature Res. Sta. (Unpub- 
lished Memoir) Cambridge, 1934. 

Klapp, K. 

Kartoffelabban uiid Viruskrankheiten. (Potato degeneration 
and virus diseases.) Mitt. f. d. Landwirtseh. 49:523, 1934.. 

, et al. 

Okologie iiiid ‘A^bbair ’ der Kartoffel. Beziehmigen zwischen 
Ertragsiiohe. Xaeiibaustufen, Krankheitsbefall iind praktis- 
chein Ptianzewert. Pflanzenbau 11 (6) : 383-395, 1935. 


Abbaii iind Abbaiibekamfiing im Ptianzkartoffeiban. (Degenera- 
tion and degeneraiion control in seed potato ciiltivation. ) 
Mitt. Landw., (Berlin) 51(32) : 692-694, 1936. 

A discussion and recommendations. 


Kai’toifeJabbau. (Running out “of potatoes”) Porschungsdienst 
1(1): 33-88, 1936. 

A review of the siibjecd ivith 38 refereuees to literature. 


Vordringliehe Porschungsziele bei der Bekamfung des Kartof- 
felabbaiis. (Urgent aims of research in the eontroi of potato 
degeneration.) Porsehungsdienst 3(1) : 10-11, 1937. 

The author suggests lines of research, 

Klebahn, H[enrich] 

Yersuche fiber das Wesen der Mosaikkrankhe.it des Tabaks nnd 
andere Yiruskrankheiten. (Experiments on the 
nature of the mosaic disease of tobacco and on some other 
virus diseases.) Pliytopath. Zeitschr. 9(4) : 357-370, 1936. 

I. Das virus des tabakmosaiks bei gegeu wart starker gifte wirksam. 
II. Zur uber-tragbarkeit der abutilon-chlorose. III. Weitere versuche 
liber infektion der anemonen mit alloiophyllis. lY. Eine mosaikkrank- 
heit der gurken. The virus was not destroyed by certain eheraiea^^^^ 
that destroyed bacteria. Therefore, the author believes that the virus 
is inanimate. 
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Klenrni, M. J. 

(Die Eiseiifieckio'keit der Kartoffeln.) Ostpr. Laiidw.-Zeitg. 12 
(7) :3^5, 1935. 

.Klrniip, W. 

Metliodisclie Uiitersucliun.g'eB zur Feststelliiiig* des abbaiigrades 
der Kartofrel. Diss. Bonn,. 40 p., 1935. 

Kobns, J[acob] D[erk] 

Meded van liet Proefstation voor de Java Snlkeriiidustrie 12 : 320- 
340. 1907. 

Eediietioii of vield of sugar cane and sugar content by mosaic. 


Vergeiykende proeven omtrent gelestrepeiiziekte. Meded van tet 
Proefstation voor de Java-Siiikerindiistrie 12: 319-342, 1908. 

Koch, G[iistav] 

Ziir Frane der IJrsaeke des Kartoffelabbaiies. D. Kartoffelbaii 
20:37-38,1936. 

.Kohler, E[rich] 

Der viriisnadweis und kartoffeln. Biol. Reielis. Landw.-u. Forstw. 
53, 1933. 


Kartoffelabliaii iind Viriiskranklieiten. (Potato degeneration and 
virus diseases.) Mitt. f. Landw. 12, 1934. 


Viriiskranklieiten der Kartoffel. (Virus diseases of potato.) 
Pliytopatli. Zeitschr, 7 : 1-131, 1934. 


Der Nacliweis von Viriisinfektioneii am Kartoffelpflanzgut mit 
der Stecklingsprobe. (The detection of virus infections in 
seed potatoes bv testing the sprouted eves.) Ziichter 7(3): 
62-65, 1935. , 


Erfahiv ngeii veiin feldmassigen Abbau von biinstlich blattrol- 
linfivierten, Kartoffeln (Sorte Kl. — sp. Wohitmann). (Under- 
sLicliiiger tiber die Viriiskrankreien der Kartoffel. V. Mittei- 
limg.) (Experimental observations on the degeneration under 
field conditions of potatoes (Kl.^ — Sp. Wohitmann variety) 
artdicially infected by leaf roll. (Investigations on the virus 
diseases of potato., Note V.) Arb. Biol. Reichsanst. Danduui. 
Forstw. (Berlin) 21(4) : 517-529, 1935. 


Der Viriisnachweis an Kartoffeln. Eine Anleiiuiig fiir Ziichter 
imd Kartoffelbegiitaehter. (The detection of virus in potatoes. 
,, A inaniiar ilir, : breeders, and' potato; ..siirveyers.) ' / '.Mitt. , Biol..,, 
, ,.Anst., ,;( Reich sanst.,), . Berlin 53, ,9 pp.,\193,6. .,■ 

The character of this paper is indicated by the title. 



328 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OF P. R. 


Stiidien liber den Verlanf des Kartoifelabbaus aiif dein Dahlem,er 
Versiielisf eid der Biologisehen Reielisanstalt. (Studies on tbe 
course of potato degeneration on the Dahlem experimentai 
plot of the National Biological Institute.) Landw. Jahrbiicli 
83:589-868,1936. 


Uiitersiieiiungen liber de Lupineiibraune. Naebricbteiibl. Deutscli. 
Pdanzenschutzd. 15(2) : 90-91, 1937. 

Aceoimt of virus disease on Lupin. 


Neueve Yorstellimgen von der Natiir des pflanzenpathogenen 
Yirus. Saiiiinelreferat. (Recent conceptions of the nature of 
the plant-pathogenic *viriis. A svinposinm.) Zeitschr. Bot. 
81(12) : 559-571, 1937. 


AYeitere Untersiihciingen tlher das Virus der Lupinenbraune. 
tFurthei* studies on the Lupin browning virus.) Z. Pflan. 
Krankl. 97(2) : 87-97, 1937. 

This virus is the same as Ainsworth yellow mottle mosaic of cucum- 
ber, Johnson’s encumber virus I, and spinach virus. It becomes at- 
tenuated in tobacco but can be revived in cucumber. 

Wrsuehe iiber Pfropfung and Akronekrose bei Kartoffeln. Vor- 
laufige Mitteilimg. (Experiments bn grafting and aerone- 
crosis in potatoes. Preliminary note.) Angew Bot., 19(2) : 
158-160, 1937. 

The author grafted virus free scions on potatoes carrying virus X 
and obtained mild symptoms of the same disorder. 


Zur Prage clersehutziinpfung bei den Yeinbanding-viren. (Vor- 
laufige Mitteiliing. ) (On the question of protective inocula- 
tion in the veinbonding viruses. (Preliininary notes.) Nach- 
riehteii. Bl Deut. Pflansehuizd. 17(4): 32-33, 1937. ' 


Die Yiruskraiikheiten der KartoffeL (The vims diseases of 
potato.) Kartoffel-Zeiiung 27(21) : 2-5, 1937. 


Die Resistenzziichtung gegen den Kartoffelabbau im Lichte der 
Yirusforsehung, (Breeding for resistance to potato degenera- 
tion in tl^^ light of virus research.) Ziichter, 9(1): 13-15, 

(■Y1937,.,; , , ■; ' 

A study of the practical features of the problem. 


Portgefuhrte Llntersuehung^^^^ verschiedenen Stammen des 
X- Virus der Kartoffel (Ringmosaikvirus) (Continued investi- 
gations on various strains of the X virus of the potato ring 
■■....'mosaic virus.). . Phytopath. . .Zietschr. 10(1) 31.-41,.:.^:^ 

A study of strains which the author places in two groups. 
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IJeber ein ^^Veinbandiiig- virus’^ cler Kartoffel. (On a veinband- 
ing virus of potato). Phytopatb. Zeitsebr. 10(1) : 17-29, 1937» 


ITeber eine aiisserst labile Linie des X-Mosaikvirns der KartoffeL 
(On an extremel}^ unstable strain of the X-mosaic virus of 
the potato.) Phytopatb. Zeitscbr. 10(5) : 467-479, 1937. 


Yiniskrankheit en und Kart off el-ziichtiing. Forsch-nngsdienst . 
5(7) : 334-338, 1938. 

Kokin, A. I. 

(Physiological investigation of tobacco plants infected by the 
common mosaic vims.) Summary Scient. Res. Work Inst. 
Plant Prot. 1935, Leningrad p. 511, 1936. 


Piziologischeskoe izuchenie vredonosnosti obyknovennoi mosaiki 
tobaka Diibeck Nikitskli No. 44. (Physiological study of the 
injiiriousness of common mosaic disease of tobacco Dnbeck 
Nikitsky No. 44.) Zasbcb. East. (Plant Prot. Leningrad, 12: 
95-112, ‘ 1937. 

Transpiration is reduced, assimilation is diminislied and the soluble 
carbohydrate lower in diseased than in healthy plants. The protein 
nitrogen, proteid and nicotine higher in the diseased than in the healthy 
plants. 

Koltermann, Alwin 

Die Keimung der Kartoffelknoll nnd ibr beimfliisiing diireb 
Krankiieite. Angew Bot. 9 : 289-339, 1927. 

Kostoff, D[ontcho] 

Something about sterilitv of pollen from mosaic tobacco plants. 
Genetica 15 : 103-114,' 1933. 


Virus and genic reactions in morphogenetic physiogenetic, and 
phylogenetic aspects. Phytopatb. Zeitsch. 9(4) : 387-405, 1936. 

A very interesting paper in which it is shown that certain pheno- 
mena, such as variegations may follow either genes or viruses. 


Cytogenetic aspects fox pTodiiQmg Nicotimia iabactim forms lo- 
calizing tobacco mosaic virus. Pliytopath. Zeitscbr. 10(6) : 
578-593, 1937. 

The author studied 45 species of Nieotiana and many crosses. He 
states that the problem is complicated by the absence of immune va- 
rieties. Environment is an important factor in development of symp- 
toms.,,, ' ' 

Kotte, W., 

Die Paru-oder Padenblattrigkeit der Tomate. (Pern or thread 
leaf of the tomato.) Z. Pflkrankh. 67(2): 65-72, 1937. 

This disease appeared in the Baden nurseries in plants grown from 
English seed. In some cases fruit preduetion was completely inhibited. 
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Kramer, M. 

As doeiieas de virus das plaiitas. (Adrus diseases of |3lai:it;s.] 
0 Biologieo (Brazii) 3(2): 51-54, 1937. 

Brief popular descriptive notes of tlie ^vork of other i.iivestig'atioiis» 


0 reeoiilieeiiiiento das doeneas de virus das plaiitas. (How to 
recognize virus diseases of plants, ) 0 Bioiogico 3(11): 331- 

336, 1937. 

Popular statement giving the most conspicuous symptoms of virus 
diseases. 

Kricliner, Emii 0[tto Oscar von] 

Die BlatrolIkranMieit der KarioffeJn. (Leaf-roll disease of po- 
tatoes.) Deiitseh Landw Presse 45(4) 1918. (Zeit. Pflaiizeiik 

29:54, 1919.) 

Review of 0. AppePs paper. 

Krishnaswami, C. S. 

Studies in disease resistance in crop plants in tlie 'lladras Presi- 
dency. II. Estimation of disease resistance in sugar cane 
mosaic. Proe. Indian Acad, of Science 6(6) : 481-490, 1936. 

The author summarizes Ms results as follows: 'Ht is seen that (1) 
great differences in susceptibility to mosaic are exhibited in the va- 
rieties of sugar cane, (2) that most commercial varieties are suscepti- 
ble to this disease., (3) that some highly susceptible varieties are tole- 
rant to the disease, (4) that a few immune varieties exist and could 
be made use of as parents, (5) that certain varieties which escape 
infection under one set of conditions may take the disease under other 
conditions, and (6) that though the disease is systemic in certain va- 
rieties some recover from the disease and there is a possibility of the 
covering plant acquiring permanent immunity.’^ 

Kunkel, Lfonis] 0[tto] 

Aster yellows and ils eoiitrol. Pl.or. Exeiiange Host. Trade 
World 85:13-17, 1935. 

Popular account. 


Virus , diseases of plants, t'vveiity five yea.rs of progress, 1910-35, 

Mem, Brooklyn Bot. Gard. 4(7) : 51-55, 1936. 

A brief review. 


Peach mosaic not cured by heat treatment. Amer. Journ. Bor. 
23(10) : 683-686, 1936. 

The author conducted experiments on material received from Colo- 
rado and .found that the disease was not inactivated in bud sticks at 
35°G., 42°0., or 50^0. for periods of time near that which the tissues 
■ can endure. 
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Heat treatiiient for the cure of yellows and other virus diseases 
of peacii. Phytopathology 26(9) : 809-830, 1936. 

Tills paper gives the results of extensive studies. Trees with yellows, 
little peach, red suture and rosette ivere cured with this treatment. 
Potted trees with yellows were cured in a room temperature of 34.4'^ 
to 36.3 °C. The time for different parts of the trees varied. Dormant 
trees were cured by immersing in water at 50 °C. for 10 minutes. Ro- 
sette was more difficult to control that the other diseases. 


Effect of heat on ability of Cicadula sexnotata (Fall.) to trans- 
mit aster yellows. Aiiier. Joiirn. Bot. 24(5) : 316-327, 1937. 

When insects infected with this virus were subject to heat of one 
day or longer at about 31° to 32 °C. they lost the power to transmit 
the virus temporarily. When submitted to this temperature for 1 to 
11 days they regained the ability to transmit the virus in from a few 
hours to a few days. The longer the treatment the longer the time 
required to regain the ability to transmit. It is believed that the short 
treatment inactivates a part of the virus and that long treatments cause 
complete inactivation. It is believed that the virus not completely inac- 
tivated increases in the insect. After the heat treatments the insects 
transmit strains which are unchanged in passage from plant to plant. 

Field studies show that the transmission of this virus is greater 
during the latter part of the growing season when the plants are most 
resistant. It is suggested that the midsummer temperatures inactivate 
to some extent, the virus in the insects at that time. 

Lackey, C[harles] F[ranklin] 

Restoration of virulence of attenuated curly top virus by passage 
through susceptible plants. Journ. Agric. Res. 55(6): 453- 
460, 1937. 

"VUrus that has been attenuated by passage through Che 7 iopodivm 
murale has been restored in some cases by passage through cotyledon 
sized sugar beets. Also by passage through Lepidium nitidwm jand 
Emdimn cdcutarium. 

Larson, E. H., & Walker, J. 0. 

Propierties and host range of a cabbage mosaic virus. Phyto- 
pathology (Abstact) 28(1) : 13, 1937. 

LasMo, E. 

Gialuiiie infetiivo des pesco. (Infectious yellows of the peach.) 
Note Fimtieiiltur^ 

Latimer, L. P. 

The relation of cultural practices to a marked out break of cork 
ill McIntosh apples in Northern New England. Proc. Amer. 
Soe. Hort Sei. 26 : 149-150,. 1930. - h 

The author describes all forms of bitter-pit disease of apple and 
fcoiisiders them the same disease. 
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Lauifer^ Max A. 

The molecular weight and shape of tobacco mosaic virus protein, 
Science 87(2264) : 469 - 470 , 1938 . 

Lavin, 6. I., & Stanley, W[eiidell] M[ereditli] 

The ultraviolet absorption spectrum of crystalline tobacco mosaic 
virus protein. Journ. Biol. Cliem. 117(3) : 269-274, 1937. 

They summarized their work as follows: ^^The ultraviolet absorption 
spectrum erystalline tobacco mosaic virus protein has been detennined 
and found to agree essentiall}^ with the destruction spectrum previously 

found for the virus agent in purified preparations It lias 

been possible to demonstrate the presence of the virus protein in the 
partially purified juice from mosaic-diseased Turkish tobacco plants 
by means of ultraviolet absorption spectrum measurements.^^ 

Leake, H. M. 

Mosaic and the nature of virus disease, liit. Sugar eloiirn. 37' 
(444) : 460-461, 1935. 

Lebard, P[anl] 

Relaiions eiitre raltitude, riiumidite et les substitutions de de- 
genereseence de la poinme de terre. (Relation between alti- 
tude, moisture and potato deg’eneration. ) Gonipt. Rend. Aead. 
Agrie. (France) 16 ( 301 : 999 - 1004 , 1930 . 

Lee, H[enry] A[therto]i] 

California scaly bark and bark rot of citrus trees in Philippines* 
Philippine Agrie. Rev. 16 : 219 - 225 , 1923 . 

Leemann, A. C. 

Barley stripe disease. Farming South Africa. 10(110) : 207-- 
208,1935. 

A popular aecount. 

Lehman, S[amuel] G[eorge] 

Praotices relating to control of tobacco mosaic. North Carolina 
Agrie. Expt. Sta. Bull. 297, 7 p., 1934. 

Popular. 

— , & Johnson, James 

Soil oYer wintering of tobacco mosaic. The Ext. Pathologist 14: 
45-47.1934. 


Contaminated soil relation to the epiphytology of tobacco mosaic. 
Phytopathology (Abstract) 27(2) : 133, 1936. 


Etiffle leaf of tobacco. Phytopathology (Abstract) 28(1): 14, 
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Lejeune, J. B. H. 

La rosette de Laracliide. Etude faite par la Station Expert' 
meiitale de raraehide Bombay. (Peanut rosette. Studies 
made at the presente Experiment Station, Bombay.) Agric. et 
Elev. Congo Beige 10 : 107-108, 1936. 

Studies made on peanut rosette transmitted by Aphis lAhurid. 

Lesley, J[ames] W[yvill] 

A study of resistance to western yellow blight of tomato varie- 
ties. Hilgardia 2 : 47-65, 1931. 

Some varieties of tomatoes proved to be resistant to the curly top 
virus of the sugar beet. ^'The resistance is weak and seems to be 
due not so much to tolerance of the virus as to a tendency to escape 

infection no significant difference was found in the length of 

the incubation period or in the frequency of recovery in resistant and 
susceptible varieties, and resistance 'was not increased in plants which 
had recovered, or in their progeny. 

LeysMn, A. M. 

Mosaic diseases of the sugar beet. Plant Breeding Dept. Union 
Sugar Indus. Kie'ffl. 1930 : 286, 1930. 

The dwarf varieties of tomatoes have been considered resistant tO' 
the virus of beet curly top. Five trials for four seasons in two 
places showed a 42 per cent loss in the resistant dwarf varieties and a 
62 per cent loss in the susceptible varieties. The author says: ^'The 
resistance is weak and seems to be due not so much to tolerance of 
the virus as a tendency to escape infection. The chance of infection 
is influenced by the number of leafhoppers used in artificial infesta- 
tion. The incubation period of the disease after artificial infestation of 
plants not less than 3 w’-eeks after transplanting varied from 2 to at 
least 7 weeks. 

Lewcock, H. K. 

Yellow spot disease of pineapples. Queensland Agric. Journ. 
48(6) : 665-672, 1937. 

A popular account. 

LikMte, ¥. N. 

Stenosis in Gujarat cotton. Proc. Assoc. Eeon. Biol. Coim- 
batore 3:15-17, 1936. 

This disease has been suspected as being due to a virus but the 
author doubts this diagnosis. 

Linn, Manson B[ruce] 

A list of diseases found on economic plants on Staten Island 
(Eichmond County), New York, from 1932-36. U.S.D.A. 
Plant Diseases Kept. 21(4) : 73-76, 1937. 

Contains records of several virus diseases. 
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Loew, C[arl Benedict Oscar] 

teller (leu Abbaii cler Kartoffeln. (On potato degeneraticm ) 
Prakt. Bl. Pfianzenb. 14(10-11) : 308-310, 1937, 

A general diseiission iiieluding a discussion of My 2ms persicm and 
tlie water bolding capaeitT of the soil. 

Lojkin, Mary 

Iiiaetivatioii of tobacco mosaic virus by aseoiliic acid. Coiitiv 
Boyce Tlioiripson Inst. (Abstract) 8(4) : 335. 1936. 

A siiidy of ascorbic acid as an maetivating agent of tobacco mo- 
saic vims. Contr. Boyce Tliomp. Inst. 8(6) : 445-465, 1937. 

Tile autlior summarizes this work as follows: ^ A4 lit oxidation of as- 
corbic acdd under the Intlueiice of cupric ions is associated with a capa- 
city to inactivate highly j)urifed tobacco mosaic virus in ascorbic acid- 
virus systems. 

‘'‘The aiitoxidation of ascorbic acid 'which occurs in an alkaline me- 
dium or in the presence of the catalyst, hexoxidase, is not accompanied 
by the capacity to inactivate virus. 

‘^^The inactivation of tobacco mosaic virus in the presence of ascorbic 
acid undergoing reversible oxidation catalyzed by cupric ions is attri- 
butable to the formation of a specific intermediate product in the course 
of the aut oxidation of the ascorbic acid. Heither ascorbic acid nor de- 
hydroascorbie acid is capable of reacting directly "with the virus to 
effect its inactivation. 

^^The inactivation of the virus by the autoxidation of ascorbic acid 
in the presence of cupric ions is inhibited by catalase, thus indicating 
that the intermediate product responsible for the inactivation is a 
peroxide.’^ 

Longley, L[ewis] E[dward] 

Flower color in ‘"brokeiP' or mo-mu* tulips. Amer. Soe. Hort, 
Sci. Proc. 22:674-677, 1935. 

Studies on varietal susceptibility. 

Loring, H[iibert] S., & Stanley, W[endll] M[eredith] 

Isoiation of crystalline tobacco inosaie virus protein fiMiin tomato 
])IaiiTs. fJoiirn. Biol Cliem. 117(2) : 733-754, 1937. 

This is a report on the isolation of a crystalline protein from tomato 
plants infected with tobacco mosaic virus. The crystalline protein ob- 
tained from diseased tobacco and tomato plants were almost identical. 

& •. 

_ ^ 

Boniparative properties of virus proteins from a single-lesion 
strain and from ordinary tobacconnosaic virus. Pliytopatbo- 
logy Abstract)., 27(2) : 134, 1937. f . 

The single-lesion virus protein has approximately the same crys- 
talline form as the ordinary tobacco-mosaic virus protein, but the 
crystals somewhat longer and narrowerP^ There are some other slight 
differences.. 
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& Wyckoffy Ralph W[alter] G[raystoiie] 

The iiltraceiilrifiig'al isolation of latent mosaic virus protein. 
Joiirn. Biol Cheni. 121(1) : 225-230, 1937. 

The authors studied the latent mosaic disease of potato in Nicotianu 
glutinosa and N. ta-'bacum. ^^The protein is present to the extent of 
about 0.02 to 0.1 mg. per cc. of juice of infected plants and was found 
to reach a somewhat greater concentration in diseased Nicotiana 
tinosa than in Nicotiana tahacum plants. The latent mosaic virus pro« 
tein was found to be between 1,000 and 10,000 times more infectious 
than the original juice. 


Aeciiracy in the ineasurement of the activity of tobacco mosaic 
virus protein. Jonrn. Biol. Cliem. 121(2) : 637-647, 1937. 

The results of this study are summarized as follows: 

A eoinparison of the differences in the number of lesions produced 
by the same percentage difference in virus protein concentration over 
range of from 10-® to 10-"^ gm. of protein per ec. indicates that the 
most favorable concentration for the comparison of different samples 
of cxystalline virus protein is about 10-® gm. per cc. 

It has been shown in a number of different tests that differences in 
virus protein concentration of 10 i)er cent or greater could be readily 
detected by the half leaf method on Fhaseohis vulgaris when forty to 
fifty leaves were used. When Nicotiana glutimsa was used as the test 
plant, the smallest difference in concentration which could be consis* 
tently distinguished Avith the same number of leaves was 20 per cent. 

& Osborn, H. T., & Wyckolf, Ralph W[alter] G[ray- 

stone] 

intraeentrifiigal isolatioii of high molecular weight proteins 
from broad bean and pea plants. Proe, Soe. Expt. Med. & 
Biol. 38(2) : 239-241, 1938. 

The authors isolated this protein from diseased bean and pea plants. 
Healthy broad bean plants yield a similar, non-inf ectious protein. 

Loughnane, James B. 

Composition ot iiiterveinal mosaic of potatoes. .Vaxure 135 
(3420) : 833, 1935. 

_____ & Murphy, Pard A[loysius] 

Mode of dissemination of tobacco virus X .Natui’e 141(3559): 
120-121, 1938. 

Experiments show that virus X is transmitted by contact, especially in 
the presence of strong currents of air. 

Lounsbury, C. P. ■ 

Tobacco wilt in Kat inver valley. Agric. Jonrn. Gape of Good 
18 : 1 -^ . 

The symptoms described lead to the belief that it is due to a virus. 
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Lysenko, T. B. 

( The theory of plant development and the struggle against potato 
degeneration in the South.) larovizansiia 2:3-22, 1935. 

Tlie symptoms described lead to the belief that is due to a virus 
disease. 

Mader. E. 0. 

Potato dwarf and medium red clover. Amer. Potato Journ. 
14(9) ; 295-297, 1937. 

Popular. 

& Watkins, T. C. 

Effects of Bordeaux mixture on the control of yellow dwarf of 
potatoes. Phytopathology 28(5): 375, 1938. 

Plants sprayed with Bordeaux showed less symptoms of this disease 
than uii-sprayed plants. The authors suspect that the copper sulphate 
counteracts the virus. 

Magee, 0[arles] J. [Patrick] 

Virus diseases of potatoes. Year Book Veg. Grow. Assoc. New 
South Wales, 1937:49-51, 53, 1937. 

Magie, R. 0. 

Hop diseases survey in New York. 1936. U.S.D.A. Plant Dis- 
ease Kept. 20(16) :262, 1936. 


“ Slip-down^', a recently discovered disease of hops. Farm Res. 
4(1): 10, 13, 1937. 

This is a new disease reported from New York which causes a dwarfing 
of the plants beginning about the middle of June. Chlorotic ring- 
spots and chlorotic areas appear on the leaves. Preliminary experi- 
ments indicate that the disease is transmitted by the hop aphid. 

Maier, E. A. 

Mosaic control work on the south coast properties. Sugar Bull. 
16(24): 18-20, 1937. 

Mains, E. B. 

Observations concerning clover diseases. Trans. Indiana Acad. 
Sci. 37: 355-364, 1928. 

Contains some data on red clover mosaic, 

Manil,: P., 

L'enigme des virus. (The enigma of virus.) Ann. Gemhloux 
43(5) : 145-^163, 1936. 

, A' review. 


A propos de la transmission par les graines de certains vims 
phytopathogenes. (On the transmission through the seed of 
certain phytopathogenic virus.) Bull. Inst. Agron. Sta. Eech. 
Gemhloux 5 : 96-98, 1936. 
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& Gratia, A[ndre] 

Transmission du virus de la mosaic ordinaire du tabac a TOro- 
baiielie, plate parasite deponoue de cloropliylie. Compt. Rend. 
Soc. Biol (Paris) 126(24) : 67-69, 1937. 


line forme necrosante de la mosaique du tabac. [A form of 
tobacco mosaic producing* necrosis.) Bull. Inst. Agron. Gem- 
bioux 4(3-4) : 186-190, 1937. 

Produced more severe symptoms than ordinary mosaic. 

, & Dricot, C. 

Relations eiitre le iiumero de lesions et la concentration du virus 
infeetant dans les cas de la mosaique du tobac sur Nicotiana 
gluUnosa. (Relation between tbe number of lesions and the 
concentration of virus in Nicotiana glutinosa mosaic.) Compt. 
Rend. Soc. BioL (Pans) 126(32) : 918-922, 1937. 


Queiques aspects du probleme des maladies a virus des plantes. 
(Some aspects of the iiroblem of virus diseases of plants.) 
Ann. Ferment. 4(1): 26-51, 1938. 

Manns, T[iiomas] F[ranklin], Manns, M. M., & Adams, J[aines] 
F[0wler] 

Department of Plant Pathology. Delaware Agric. Espt. Sta. 
Ann. Rpt. 1933-34 (Bull. 192) : 40-49, 1935. 

Additional data on plums as carriers of peach yellows and little 
peach. P. myrohalmi may carry these diseases without showing symp* 
toms. Macropsis trimacnlata breeds abundantly on P. i7mnsonian<i and 
P. salicina, 

, & Davies F[red] R[ees] 

Dissemination of peach yellows and little peach by Macropsk 
trimaculata, Fitch. Delaware Agric. Expt. Sta. Ann, Rpt. 
Bull. 205 : 37-40, 1936. 

It was found that the insect vector was more abundant (1) on 
Prufius salioina (oriental) than on the European species and (2) on 
wild than on cultivated species. It was also found that some species 
of spiders feed on the insects. Two species were found to be masked 
carriers of yellows, five of little peach. 

Dissemiiiation of peach yellows and little peach and factors hi 
their control. Delaware Agric. Expt. Station. Ann. Rept. Bull. 
207:36-38,1937. 

A progress report on transmission by Macropsta trimac^ata and the 
masking of these disease in several species and varieties of Prurms. 
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Marcel, M. 

Etude sur la degeiiereseence des Fraisieres (ser eauBes, comiiieiit 
et reBi(§dies. ) (A study on strawberry degeneration, its causes, 
and how to control it.) Bull. Soc. Nat. Hort, Pr. Ser. 6, 
3:211-214, 1936. 

Descriptions and methods of control. 

MarcMonatto, Juan B. 

Argentine Republic: Plant diseases observed in the country, 
lilt. Bull. Plant. Prot. 8(11): 241, 1934. 

Makes mention of the oeeurrenee of hitter pit of apple in the Ar- 
gentine Republic. ’ 


Erifermedades del trigo poco conocidas y radicadas eii la region 
oeste de la zona triguera. (Little known wheat diseases in 
the west wheat region.) Bol. Ministerio Agric. Argentina 
36(4) : 293-299, 1934. 

Merkensenlager, F[ritz] 

Nederling und Daiilem. Ein Vergleieh zweier Versuchsf elder in 
beziig aiif die Abbanfrage. (Nederling and Dalilem. A com- 
parison of two experimental fields in relation to the degenera- 
tion problem.) Prakt. B. Pflanzenb. 14(10-12) : 299-309, 1937. 

A discussion of the influence of climatic conditions on degeneration 
diseases. 

Martin, F, 

La degeiiereseence de la canne a sucre. (The degeneration of 
the sugar cane.) Bull. Assoc. Chim. Sucrerie Distill France 
et Colon. 53(9-10:792-794, 1936. 


Be la degeiiereseence de quelques plantes et de la canne a sucre 
en partieulier. (Degeneration of some plants specially of 
sugar cane.) Gaillon Imp. H. Jehan. 14 p., 1937. 

Martin, John N. 

The iiiultiiiiicleate condition in maize and its probable relation 
to the X bodies associated with mosaic diseases. Proc. Iowa 
Acad. Sci. 42:83, 1936. 

Reports the finding of these bodies in corn that is apparently healthy, 

Martin, Lawrence F., McKinney, H[arold] H[all], & Boyle, L. W. 

Purification of tobacco mosaic virus and production of toeso- 
morphie fibers by treatment with trypsin. Science 86(2234) : 

:',,38^0~381,(1937,: 

A description of a trypsin method. 
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Balls, A, K., & McKinney, H[arold] H[alll 

The protein content of mosaic tobacco. Science 87(2258) : 229- 
230, 1938. 

The authors use three types of mosaic in comparison with healthy 
plants. They conclude that (1) ^'The total nitrogen of the plants 
was found to be very little changed from the normal; (2) The total 
protein seems also to have undergone little if any change but the ac- 
curacy of the results is probably not high enough to demonstrate small 
variations, since they are calculated by difference. This suggests that 
the virus protein is produced at the expense of the normal protein, 
though not necessarily directly from it. (3) In the ease of the com- 
mon mosaic the trypsin-resistant protein, regarded by us as virus pro- 
tein, exists in smaller proportion than has been supposed previously. 
The amount of resistant protein was found to be greater in a suscepti- 
ble variety of tobacco than in those generally considered less vulnerable. 
We have no proof at present, however, that the yellow mosaic virus 
is resistant to trypsin.’^ 

Martyn, E[dward] B[ridg’eman] 

Report of the Botanical and Myeological Division for the year 

1933. British Guiana Dept. Agrie. Div. Rpts. 1933 : 105-111. 

1934. 

Among otlier diseases reported is a mosaic disease of tomatoes showing 
fern-leaf type of distortion on the varieties Early Market and Market. 
Cowpeas were attacked by mosaic disease. 

Massee, A. M. 

Furtiier observations on the strawberry Tarsonemid mite. Bast 
mailing Ees. Sta. Ann. Kept. 1932:117-131, 1933. 

The plants were probably infected with a virus disease. 


The warm water treatment of strawberry runners before plant- 
ing, East mailing Res. Sta. Misc. Pub. No. 14, 1934. 


On the transmission of the strawberry virus ^^yeliow’-edgti’’ dis- 
ease by the strawberry aphis, together Avith notes on the 
‘'Strawberry Tarsonemid mite’h Journ. Pom, & Hort. Sei. 
13(1) : 39-53, 1935. 

The author gives the results of experimental studies. Ca%ntophoms 
fraganm is a vector in June but not during the later part of July and 
August. The mite {Tarsonemus fragariae) was not a carrier but may 
cause injuries which mask the symptoms of the virus. 

Capitophorus fragariae ==== My (Oapiiop’horm) fragaefolu. 


jStudies on the transmission of the strawberry virus "yeli©w-edge'’ 
disease by insects : II- Aphid transmission experiments and 
period of infectibility. Bast Mailing* Res. Station, Ann. Rpt. 
.1935:171-176, 1936. 

This is a record of a repetition of the work on which the first paper 
was based. The vector is Capitophorus fmgaefolii and five insects are 
sufficient for transmission. 
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Studies on the transmission of the strawberry virus "‘yellow- 
edge ' ’ disease by insects. III. Aphid transmission experiments 
and period of infectibility. East Mailing Ees. Sta. Ann. Kept. 
1936:229-231, 1937. 

A record of studies which demonstrate that CapitopJiorus fragaefolii 
Cople. is a vector. 

Matoiiscliek, F. 

Bin ITberblic iiber die bisherigen Kenntnisse von den Viriis- 
krankheiten der Pflanzen. (A survey on the present knowledge 
about ;the virus diseases of plants.)/ Wien. Allg. Porst-ii 
Jagdzeitg. 52:114, 1934. (Wiener Landwiet. Zeii. 84(22): 
140, 1934.) 

Matsulevich, B. P. 

Differentsiastsiia rastital hiykli virusov serologieheskin nieiodorn 
(Difterentiation of virus by the serological method.) Zasahck. 
East. (Plant Prot.) Leningrad 1936(10) : 37-49, 1936. 

i , ' 

A review of the work of others and the results of the author ’s 
studies which indicate the possibilities of using serological reactions in 
the identification of viruses. 


Metodika opredeleniia virusnykh bolenznei Kartofelia (Poloscha- 
toi i morsehinistoi mozaiki) Serologischeskim metodem. (The 
determination of virus diseases of potatoes with serological 
methods.) Zasahck. East. (Plant Prot.) Leningrad 1936(10) : 
151-153, 1936. 

Matsumoto, T[akashi], & Hirane, S. 

(Immunological studies of mosaic diseases. V. Micro-serological 
tests as means of detecting the virus in a small area of mosaic 
tobacco plants.) Journ. Soc. Trop. Agrie. Taiwan 7:346-350, 
1935. 

A description of the method. 


(A further note on the serological studies of tobacco mosaic 
bearing malformed flowers.) Agrie. & Ilort. 12(7) 1937. 

The author summarizes the results as follows: ^‘In the previous pa- 
per, the author reported that the peculiar tobacco mosaic bearing mal- 
formed flowers (cf. fig. 1-2) was confirmed by the serological tests, 
particularly, by ^ * precipitin absorption ’ \ to be due to the virus com- 
plex, i.e. ordinary tobacco mosaic and potato mosaic viruses. In the 
present paper it is reported that he is able to separate the tobacco 
mosaic virus from this virus complex without impairing the infectivity 
of the former in the following way. The diseased plant julee ^ (^^^ 
was first reacted against the antipotato mosaic serum at different con- 
centration, i.e. I: 10, 1: 30, 1: 50, 1: 120, 1: 240, for 2 hours at 37 '=*0., 
after which all the tubes were kept overnight in the cold room, and 
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in the next morning they were centrifugalized at about 3,000 r.p.m. for 
30 minutes, and the supernatant liquids were used as inocula for ino- 
•culating healthy tobacco plants (ef. table 2). Prom the experiments 
it is inferred that at serum eoneentration of 1 : 10, 1 : 30, and 1 ; 60 
the potato mosaic virus can be completely absorbed without impairing 
the infectivity of the tobacco mosaic virus excepting the concentration 
of 1: 10, in which some plants inoculated are left intact, while in the 
higher dilutions, such as 1: 120, and 1: 240, the potato mosaic virus 
is not yet completely absorbed and the juice is still capable of causing 
the composite disease. It is concluded, therefore, that in order to 
separate the active tobacco mosaic virus from the virus complex under 
study, the use of the serum dilution of 1: 30 and 1: 60 is recommenda- 
ble.^’ 


(A furtiier note on tlie serological studies of the tobaeeo mosaic 
bearing malformed flowers.) Fat. Sci. & Agric. Taikoku Imp. 
Univ. Misc. Rpt. Pliytopatb. Lab. 3, 5 p., 1937. 


Some serological studies on plant viruses and Bacteriophage. 
Proc. Second Inter. Cong. Microb. (London) p. 579, 1936. 

The author gives his methods and a list of viruses studied. 

Mayer, H[ans] 

Die Stippfieckenkrankheit der ''Apfel” und Kalk. Erfurt. 
Piihr. Obst-u Garteiibau 32 : 185, 1931. 

Me Clean, A[lan] P[ercy] D[ouglas] 

Streak disease of sugar cane. Proc. South African Sugar Tech. 
Asso. 7(933): 73-79, 1933. 


Further investigations on the bunchy top disease of tomatoes. 
Union South Africa Dept. Agric., Sci. Bull. 139: 5-36, 1935. 

The virus was partially inactivated at a temperature of 60® and 
70 ®C. and completely by a temperature above 70 ®C. It was transmitted 
to Nicandra physaloides, Nicotiana iahamm^ PeMnia- liyhrida, Capsi- 
cum ammum, Lycopersicum pimpmelUfolium^ Zinnia 5, species of 

Solanum- two species of PTiysalis which produced symptoms. The 
virus was recovered and reinoculated into tomato, 

& Halse, E. H. . 

Streak disease of sugar cane : its economic importance in South 
Africa. Proc. South African Sugar Tech. Asso. p, 11, 1936. 

_ _ _ . 

streak disease of sugar cane. Its economic importance in South 

Africa. South Africa Sugar Journ. 20(7) : 433-435, 437, 439, 
441, 443, 445, M9, 450, 1936. 

A review of the authors V work. 
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Me Intosh, J., & Selbie, F. E. 

The Bieasiirenieiit of the size of viruses by high-speed eentrifu- 
galizatioii. Brit. Journ. Expt. Path. 18(2) : 162-“174y 1937« 

Description of equipment for the study of virus diseases. 

McKay, M[arioii] B[ertice] 

The ciiriy top disease. Seed World, 23:38, 48, 72, 1928. 

Popular. 

, & Dykstra, T[heodore] P[eter] 

Potato diseases in Oregon and their control. Oregon Agrie. Expt. 
Sta. Circ. 96, 83 p., 1930. 

Popular. 

McKinney, H[arold] H[all] 

A mosaic disease of winter wheat and winter rye. IJ.S.D.A. Year 
Book 1926 : 763-765. 1926. 


Mosaic diseases of wheat and related cereals. U.S.D.A. Circ. 
442, 23 p., 1937. 

The author gives a history of the disease, geographical distribution,, 
spread, control and descriptions of seven viruses. Studies indicate that 
viruses are carried in soils east of the Mississippi river but not in the 
soils west of the river. 


Virus iiiutaiiou and the gene concept. Journ. Hereditv 28(2) : 
51-57, 1937. (Nature 140 (3531) : 33, 1937. Trop. Agric. 
(Trmidad) 12(2): 41, 1938.) 

The author gives a brief review of the subject, the results of bis 
own studies and his own views. He does not believe that we have any 
absolute proof as to the cause of the virus diseases. 

Me Larty, H[arold] R[oss] 

A suspected virus disease of sweet cherry. Canada, Dominion 
Botanist Prog. Ept. 1931-34:53, 1935. 

Me Leod, D[onald3 J[ohn] 

Spindle-tuber. Canada Dept. Agric.. Canadian Expt. Farms., 
Div. Bot Rpt. 1926: 1927. 


Report of the Dominion Field Laboratory of Plant Pathology- 
Predericton. N.B., Canada Dept. Agric. Div. of Botany. Rpt. 
1928:186-199, 1929. 

Me Rae, W[illiam] 

Fungus and virus diseases. The existing organization and scope 
of sugar cane research and experimental work in India. Rep. 
Proc. Imp. Sugar Cane Res. Conf, (London) 1931 : 106-107. 
1932. 
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India. : New disease reported during the year, 1933. Int. Bull. 
Plant Protec. 8 : 199-202, 1934. 

Me Whorter, F[raiik] P[aden] 

The symptoms of narcissus mosaic developed with in the plant. 
Pliytopathology 25(9) : 896-897, 1935. 


Mottling or breaking in Dame's rocket in Oregon. U.S.D.A. 
Plant Disease. Kept. 20(12): 199, 1936. 

A record of a Yirosis very similar to breaking in Matthiola mcema. 
Also a record of a mottle mosaic of the cruciferous ornamental, Hes- 
pert^s matronalis in Oregon. 


A latent virus of lily. Science 86(2225) : 179, 1937. 

A brief review of latent viruses. This virus is tulip 1 and it is 
latent in some species, such as Lilium tigrinum, L. emdidum and L. 
longiflorum. 


Ceil inclusions in onion-yellow dwarf. Phytopathology 27(10) : 
1027-1028, 1937. 

Reports the finding of the cell inclusions in diseased onions. 


Narcissus mosaic and early maturity. U.S.D.A. Plant Disease 
Kept. 22(9) : 147-148, 1938. 


The antithetic virus theory of tulip-breaking. Ann. Appl. Biol. 
25(2): 254-270, 1938. 

The author suggests the term antithetic^' for associated viruses 
which are physiologically antagonistic. These are two viruses, I Sa 
II. In the commercial broken tulips the viruses are in physiologically 
balanced mixtures. 

Mejia, E. G. 

El mosaico, matizado o rayas amarillas en la caha de azuear. 
(Mosaic, motling or yellow stripes of sugar cane.) BoL Agrie. 
Soc. Antiaq. Agric., Colombia 221 : 935-939. 288 : 966, 968-969, 

.. :'"„y IBSi: '■ ■ ■ 

Melhus, Irving E., & Henderson, W. J. 

Yellow dwarf and other onion diseases. Iowa Agric. Expt. Sta. 
1931 : 49, 1932. 

record of the behaviour of the diseases. 

Metzger; C[arl] H[enry] 

Some preliminary notes on the effect of psyilid yellows on seed 
stock from infected plants. Amer. Potato Joiirn. 13(10) : 277- 
285, 1936. 

Popular. 
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Curly dwarf in Colorado. Amer. Potato Jonrn. 13(11) :31ft 
317, 1936. 

Popular. 

Milbrath, D[avid] G[allens] 

Peach mosaic. California Dept. Agric. 16th Ann. Rpt. BulL 
14. p. 501. 1937. 


Virus diseases of plants in relation to agrienlture. California 
Dept. Agrie. Bull. 26(3): 269-274, 1937. 

A very excellent popular discussion. 

Milbrath, J. A. 

All iiidieatioii of seed transmission of mosaic vims in tomato 
seed. Phytopathology 27(8) : 868-869, 1937. 

Tlie autlior reports transmission by seeds. 

Millan, E. 

El taiiiaoo de los tiibereulos que debe emplearse en las proximas 
siembras de papa. (Size of potato tuber that must be planted 
in the future.) Eev. Argentina Agron. 2:138-139, 1935. 

Popular notes in regard to unmottled eurly dwarf disease of potato.. 

Millar, Paul H. 

B''reedom from yellows’’ of certain plantings of the Blackmore 
strawberry. U.S.D.A. Plant Disease Kept. 21(4) : 70-71, 1937. 

A Keeord. 

Molenaar, F. A. P. 

Magnesium in verbancl met ziekteverschipnselen bij cultuurge- 
wa..3£:i. (-,Iag.:e.:ju:,i in relutioii to patiiclogieal symptoms in, 

enltivated plants.) Landbouwk. Tikdschr. Wageningen 48 
(590) : 637-638, 1936. 

Eefers to bnnehy top disease of Manila hemp. 

Moore, E[nid] S[tella] 

A virus disease of tobacco in South Africa. Nature 129(3258) : 
544, 1932. 

Account of a tobacco virus disease that resembles ringspot. 


The “Kromnek” disease of tobacco. Rhodesia Agrie. Journ. 31 
(1) : 9-10, 1934. 


Degeneration of potato^. Farming South Africa. 1© (115) : 
431-433, 1935. . ( - 
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Moritz, 0. 

Nenere biochemische und serologisebe Arbeiten auf dem Gebiet 
der planziiclieii Viruskrankbeiten. (Recent bioekemical and 
serological studies in the field of plant virus diseases.) Phy- 
topatli. Zeitsciir. 10(5) : 544-558, 1937. 

Muller, Paul R. 

Sernm diagnosis of virus diseases of tobacco. U.S.D.A. Plant 
Disease Kept. 22(5) : 74-77, 1938. 

The results of tests of Dr. K. Starr Chester's methods for identify- 
ing tobacco viruses. The results with tobacco mosaic was satisfactory 
but the results with other viruses were less satisfactory. 

Mtirayama, D. 

Studies on the mosaic diseases of tomato. Joiirn. Sapporo Soe. 
Agrie. & For. 28(133) : 215-277, 1936. 

Murphy, Donald M., & Pierce, W[alter] H[oward] 

Common mosaic of the garden pea, Pistim saMimni. Pbytopatbo- 
logy 27(6) : 710-721, 1937. 

The authors discuss the symptoms and give the results of studies 
with pea virus 3. The virus attacks 29 species of Leguminoseae and 
is transmitted by lUinoia pisi. The thermal death point was 60® C. 
and the longevity at 22 ®C. was less than 3 days. 


, & 

A mosaic-resistant small red bean. Phytopathology 28(4) : 270- 
273, 1938. 

A discussion of methods and results. 

Murphy, P[aul] A[loysius], Quanjer, H[endrick] M[arius], & 
Arthur, D[isbrowe] 

Leaf roll (curl), iiKSsaic and allied diseases. Paper read before 
the International Potato Gonf. November, 1921. (Reviewed 
by Cuthbertson in Journ. Roy. Hort. Soc. 47:110-121, 1 922.) 


Leaf-rol] and mosaic, two important diseases of the potato. Ire- 
land Dept. Agrie. and Tech. Inst. Spec. Leaflet 24, 4 p., 1923, 

& McKay, R. 

The eompoiind nature of crinkle and its production by means 
of a mixture of viroses. Sci. Proc. Roy. Dublin. Soc. 5:227- 
247, 1932. 


Nature and control of potato virus diseases. Nature 138(3501) : 
955-958, 1936. 

The author recommends seed selection and discusses the relation- 
ship oi Mysv^ persicae, Y^hioh is a veetor of the important leaf roll 
disease, to climatic conditions. He discusses other virus diseases briefly 
and records four viruses (X., F., Y. and A.) which singly or in 
combliiation produce eight diseases* 
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, & Loiighnaiie, J[aines] B. 

A comparison of some i3utch. and Irisli. potato mosaic viruses. 
Sci. Proc. Roy. Dublin Soc. n. s. 21(40) : 419-430, 1936. 

The authors summarize their, results as follows; 

^ ^ Examination of Dutch potato mosaic diseases, carried out in con- 
junction with similar work in America, showed the presence of viruses 
X, B, Y, A, E and vein-banding virus, occurring alone and in com- 
binations (List, p. 427). 

Symptoms in some eases were absent (X, Y and P) and in others 

corresponded to those of simple mosaic (X), veinal mosaic (Y or A)j 

rugose mosaic or leaf-drop (X-Y), crinlde (X-A), and interveinal mo- 
saic (X-P). 

These viruses and diseases are the same as those common in Ireland^ 
and probably in IST. W. Europe generally, but others are important in 
continental areas. 

Other viruses were found which were similar to A or Y but not 

identical. It is concluded that Y and A are distinct from each other, 

but that each may he the type of a smaller group of closely related 
or practically identical viruses, analogous to the X-viruses. 

Virus Y caused pronounced veinal mosaic on Solanmn nodiflorum 
on which A produced no symptoms. This plant also differentiated the 
virus related to A and Y, as well as virus P, and proved a useful new 
differential host. 

& 

A ten years ^ experiment on the spread of leaf roll in the field. 
Sei. Proc, Roy. Dublin Soc. n. s. 21 : 567-579, 1937. 

A review of the work showing that the severity of the disease was 
correlated wdth climatic conditions. 

Nakayama, K. 

(The growth-limiting effects of dwarf genes on some organs of 
rice.) Japan Joiirn. Genetics 13(3-4) : 196-199, 1937. 

A preliminary note with English Summary. 

Ifeal, David C[liarles] 

Crinkle leaf, a new disease of cotton in Louisiana. Phytopatho- 
logy 27(12) : 1171-1175, 1937. 

This disease is deBcribed but cause not determined. ^ 

Neergard, P. 

Vinis-krankheiteo der Tomaten (Tomato virus diseases). Mol- 
ler^s Dent. Garin. Zeits. 51(21) : 237-239 ; 247-249* (22): 
262-263; 273-274, 1936. 


Virussydomme paa tomat. (Vixm. diseases of tomato.) Gartn.- 
Tid. .■Kobenhavn'52:113-lM,''4936.. ' 
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Viriissydomme paa toniat. (Virus diseases of tomato.) Gart- 
iieiiidende, 8 : 11, 1936. 

Gives symptoms, geographical distribution, methods of transmission 
and hosts of the virus diseases of tomato with bibliography. 

Hewton, R. G. 

Experimental work Avitii potatoes. Agrie. Joiini. Brit. Columbia 
8:80-81, 1923. 

Hewton, William, & Edwards, H. I. 

Virus studies. I. The production of antisera in chickens by 
iiiooo latxon Avitli potato X. Canadian Jo urn. Res. C. 14: 412- 
414, 1936. 

^‘Chicken antiserum was produced by three wing vein inoculations 
with sap from Batura meteloides, and Batura Strauwnimn plants in- 
fected with ^'potato virus Before injection, the saps were puri- 

fied by the Bawden and Pirie method. This antiserum formed a con- 
spicuous precipitate when incubated for three hours at 37*0. with simi- 
lar purified sap of these two plant species when they were infected 
with the X or healthy potato virus, but failed to form any precipitate 
when incubated in the same way with purified sap from virus-free 
plants. Two unknown viruses, one from spinach and the other from 
tomato were established as belonging to the X group by the precipitin 
reaction through the use of chicken antisera. The serological grouping 
Avas supported by the fact that the unknowns had similar, if not identical 
lethal temperature, longevities in vitro and host ranges as the ordinary 
potato virus X.^ ^ 


Vinxs Studies. 11. Streak X, a disease of tomatoes caused by a 
virus of the potato X group unassoeiated Avith tobacco mosaic. 
Cauadian Jourii. Res. C. 14:415-418, 1936. 

streak disease of tomatoes was found to be caused by a virus 
of the potato X group unassociated with tobacco virus I* The disease 
markedly reduced the yield of marketable fruit in several greenhouses 
near Victoria. The symptoms resemble those induced by ordinary po- 
tato virus X in conjunction with tobacco mosaic. The host range, lethal 
temperature, longevity m wtro, and dilution extinction point of the 
virus resemble ordinary potato X. Streak X may be distinguished 
from ordinary potato X by the more pronounced symptoms it induces 
bn tobacco, Batura, Nicotiana glutinosa and tomato, and particularly 
by the streaking and necrosis of the stems and leaves of tomato. The 
virus causing this streak disease could not be recovered from Irish Cob- 
bler potatoes after an incubation period of ten days, neither did the 
characteristic symptoms occur on tomatoes already infected with or- 
dinary potato virus X. The virus was recovered unchanged from, X-free 
potato seedlings. The antigen reactions also proved that the streak 
virus belonged to the potato virus X group.’* 
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The menace of cherry mosaic. Better Fruit 31(3) : 7, 14, 1936. 

A, mottling of sweet cherry (Ff^nus avitim) transmissible by budding^., 
prunning and rubbing with juice. 

, & Edwards, H. I 

Virus studies. III. Tomato diseases. Canadian Jourii. Res, G. 
15:162-167, 1937. 

‘'Single virus streak, potato virus X, streak virus X and aucuba mo- 
saic (tobacco virus 6) were found causing diseases of tomatoes in- 
eoinmercial glasshouses in British Columbia during 1936. Single virus 
streak was the commonest disease although greater losses were caused 
by the streak virus X. Aucuba mosaic was found in one ease onlyy, 
but was highly pathogenic. Potato virus X was present mixed with 
single streak, giving rare cases of mixed virus streak. Tomato mosaic 
(tobacco virus I) wras not present as a tomato disease.’^ 

‘ ‘ Single virus streak serum did not give a precipitate when mixed 
with aucuba antigen, thus indicating that the viruses are distinct. 
However, a slight precipitate with tobacco virus I antigen did indicate 
distant relationship -with this form. Although three strains of single 
virus streak could be distinguished by symptoms produced on tomatoes 
when inoculated simultaneously, these strains proved to be serologically 
identical. ■’ ’ 

Noble, R[obrt] J[acksoii] 

Virus infections in plants. Joxirn. Australian Inst, xlgrie. Sei. 
1 ( 2): 54-57, 1935. 

Notes from Presidential address delivered before the Royal Soc. New 
South Wales, May 1, 1935. 


Spotted wilt and other virus diseases of tomatoes. Year Book 
Veg. Grow. Assoe. New South Wales 1937:46-48, 1937. 

MoIIa, J[ose] A[iitomo] B[eriiabe] 

Estiidios eon el inosaico o elorosis. La enferraedad ‘Giiottle’l 
(Studies with mosaic or chlorosis. The mottle disease.) Inst. 
Tabaco de Puerto Rieo. First Rpt. 193^-37:18-20, 1937. 

In this first report of the Institute notes are given of the work: 
started on the tobacco diseases mentioned. 

Njbm, P[anl] ^ ^ j 

The potato situation in Argentine. Amer. Potato Jonrn. 13(7) :■ 

■ :ul85-189, '1936. ' ' ■' 'y; ■■■. • ■ 

Contain some data on virus .diseases. 

Ocfemia, Cl[eraldo] OfiSmaria], & Celino, M. S. 

Securing disease-resistant abaca for fighting hunch v-top. Agric, 
Ind. .Mon. :.(Mamla)'A(8)':. 12-13, ,1937. ‘ 
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The probable nature of “eadang-cadana” disease of coconut. 
Philippine Agrie. 26(4) ; 338-340, 1937. 

Probably a virus disease. 

Ociioa, R. H. 

Algo sobre mosaico y variedades de cana en Antioquia (Colombia) 
(Something on mosaic and sugar-cane varieties in Antioquia 
(Colombia). Bob Agrie. Soe. Antioquia, (Colombia) 9(217) : 
668-672, 1936. 


Una enfermedad de la eaha de azucar. (A disease of sugar 
cane.) Rev. Nae. Agr. Soe. Antioquia (Colombia) 32(391) : 
841-843, 1937. 

This disease is similar to mosaic but cause is not definitely known* 

Ogilvie, L[awrence] 

Occurrence of the rosette disease of lilies (yellow flat) in English 
green-houses. Bermuda Dept. Agrie. Bulb 8:23, 1929. 

, & Mulligan, B. 0., 

DiseasevS of vegetable marrow. Bristol Agr. & Hort. Res. Sta* 
Ann. Rpt. 1930 : 144-145, 1931. 


A note on the occurrence of new virus diseases of the tomato 
in the Bristol Province. Bristol Agrie. & Hort. Res. Sta. Ann. 
Rpt. 1935:104-106, 1936. (Journ. Bath. W. S. Co. Assoc. 
10(6) : 204-206, 1936.) 

Descriptions of two new diseases. The symptoms are similar to those 
produced by cold, faulty cultivation, drought, over watering, mineral 
deficiencies and scorch due to leaky boilers or creosote or other fumes* 
They may result from smoking tobacco and cigarettes used by the la- 
borers, 

Grian, P. W. 

Progress report on vegetable diseases. VII. Bristol Agrie. & 
Hort Res, Sta. Ann. Rpt 1935:110-117, 1936. 

The greater part of this report is devoted to mosaic of lettuce. It 
is primarily a study of varietal susceptibility and resistance. It gives 
the symptoms of each variety. 

Okuda, Y„ & Sutoh, H. 

(Bioehemical investigation of mosaic diseases of tobacco plants. 
Part I.) Journ. Agrie. Chem. Soe. (Japan) 12(12):1227- 

yb';/.. ■:i231,.;1936.' 

Shigemathu, S., & Hanada, M. 

(Biochemical investigation of mosaic diseases of tobacco plants. 
Part II.) Journ. Agrie. Chem, Soc. (Japan) 12(12):1232- 
;(bA238,.:T936.: 
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■OortwijB Botjes, J[an Gerhardus] 

Yerminclering van de vat baarlieid voor bepaalde virusziekteii bij 
sonimize aardappeirassen. (The decrease in tiie susceptibility 
of some races of potatoes. to certain virus diseases.) Laiid- 
bomvk Tijdsebr. 47(579) : 651-657, 1935. 


(Tbe position of the immunity problem in the virus diseases of 
plants.) Tijdsclir. Plant enziekten 42(1): 1-9, 1936. 

A review of recent work. 


De oorzaali van bet optreden van dwergiiiozaikiekte aardappel- 
pbaiiten (stekelpoppen). (The cause of the occurrence of 
dwarf mosaic-diseased potato plants (spring heads). Tijdsclir. 
Pkiekte. 43(3) : 60-63, f937. 

Plants with a mild mosaic disease contain stipple streak (acropetal 
necrosis) viiais which is masked. It is the same as curly dwarf and 
bnkett disease. 


Versehii virulentie bij het virus van stippelstreepziekte in de 
aardappei plant. (The variation in virulence of the stipple 
streak disease virus in the potato plant.) Tikdschr. Plziekte. 
43(1): 1-10, 1937. 

A study of the variation in stipple streak (acropetal necrosis). 

‘Opitjs, K. 

Zur Frage der Virus-iibertragung in Kartoffelfeldem. (On the 
question of virus transmission in potato fields.) Diitsch. 
Landw. Pr., 63(32) : 399-400, 1936. 

These studies showed that these diseases were transmitted very readily. 

Osborn, H. T. 

Studies on the Iransmission of pea virus 2 by aphids. Phyto- 
pathology 27(5) : 589-603, 1937. 

The author gives the results of his studies which include a list of 
host plants. The virus is inactivated in 10 minutes at 64® G., and in 
five days w vitro. The virus is transmitted by Ma&rosiphum pirn, M, 
gei and Aphis rufrdcis. They acquire the virus in five minutes feeding 
on diseased plants and are able to transmit immediately but some colo- 
nies lost thi'3 power after feeding 15 minutes on a healthy plant. How- 
ever, when held without food they retain the power much longer. 


Vein-mosaic virus of red clover. Phytopathology 27(11) : 1051- 
1058, 1937. 

The author reports a new virus on red cover. It is transmitted by 
the pea aphid and attacks Vida faha^ Trifoliwm repens, T. hyhridumj 
T. incaTnatuMj Meliloty^ alba and JPishi/m sativum. It is inactivated hy 
a temperature of 10 for 10 minutes. 
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Diifereiitiatioii of 5 mosaic viruses of legumes. Phytopathology 
(Ahstract) 28(1) : 17, 1938. 

Orton, C [lay ton] R[oberts], & Kill, L. M. 

An uiideseribed potato disease in West Virginia. Phytopatiio-^ 
logy (Abstract) 27(2): 137, 1937. 

The cause of this disease is not known. It possesses some of the- 
characters of a virus but apparently is not transmitted in the tubers* 

Otero, Jose I[dilio], & Cook, Melville T[lMirston] 

Second supplement to partial bibliography of virus diseases- 
of plants. Journ. Agrie. Univ. Puerto Rico 20(3) : 741-819, 
1936. 

A continuation of the work published in the above Journal. 18(1-2) : 
1-410, 1934 and 19(2): 129-213, 1935. This supplement contains nearly 
500 additional titles. 


Ott, A. 

Sul mosaieo del pesco. I. (Peach mosaic.) Note Pruetucultura, 
Pistoia. 15(8) : 128-132, 1937. 


Sul mosaieo del pesco. II. (Peach mosaic.) Note Pructticultura 
Pistoia 15(9); 141-148, 1937. 

Paine, S. G., & Bewley, W[illiam] F[leming] 

Stripe disease of tomatoes. Journ. Min. Agrie. 26(10): 998—. 
1000, 1920. 

Pal, E. P., & Tandon, R. K. 

Types of tobacco leaf-curl in Northern India. Indian Journ. 
Agrie. Sci. 7(3) : 363-393, 1937. 

Th© authors review the history of the disease, describe the symptoms- 
and give the results of their experiments. They list five types of leaf- 
curl due to four viruses as follows: (1) tobacco leaf curl A (tobacco* 
leaf -curl virus I), (2) tobacco leaf-curl B (tobacco leaf-curl virus 2),. 
(3) tobacco leaf curl C (tobacco leaf curl virus 3), (4) tobacco leaf- 
curl B (tobacco leaf-curl virus 4) and (5) tobacco leaf curl X (a mix- 
ture of two or more of the leaf curl viruses.) Tobacco leaf curl A ia 
probably same as '*krulziekte?^, A‘Kroepoek^^, /^faltenzwerg’^, gila 
and '‘krokohV\ 

Palm, B[jom] T[orwald] 

(The “cracked skin” disease of the beet {Beta vulgaris L.) 
Svensk But. Tidskr. 31(4) : 395-399, 1937. 

Pape, H[einrich] 

tiber eine Mosaikkrankbeit der Kohlriibe. (A mosaic disease of 
the swede). Deutsche Landwrit. Press. G-ond. 26, 8 p., 1935. 

Popular version of a previous publication. 
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Ziir ''Farn-oder Fadenbiattrigkeit der Toinate”. (Riiigspot dis- 
ease of tomato.) Zeitsclir. Fiir Pflanzenk. & Pflaiixens. 47 
(12) : 619-620, 1937. 

Brief note. 

Pause, E., 

Die Kranselkrankheit (Rosette, mosaic) bei Erdiiiissen. (Curl 
disease (rosette, mosaic) of groundnuts.) Tropenpflanzer, 40 
(5). 218-220, 1937. 

Records of the disease in Senegal. 

Parker E[dwm] R[oberts] 

Mottle-leaf and sun-bioteli* disease conirol. California Avocado 
Assoc. Yeai*book 1936:149-151, 1936. 

Popular, 

Parker, M. C., & Erink, R. A. 

The iiiheritanee of resistance to common bean mosaic. Wisconsin 
Agrie. Bxpt. Sta. Ann. Rpt. 1931-32; Bull. 425:102, 1933. 


Inheritance of resistance to the common mosaic virus in the bean. 
Journ. Agrie. Res. 52(12) : 895-916, 1936. 

In the summary the author writes in part as follows: ^‘Reciprocal 
crosses between the mosaic-resistant Michigan Robust and susceptible 
S’tringless Green Refugee varieties of beans reacted quite differently to 
the mosaic virus employed in these studies. It was found that the 
maternal parent governs to a large extent the reaction of the hybrid 
offspring. In his discussion of the results of many crosses he said: 
“These results cannot be explained on a simple Mendelian basis, be- 
cause the reciprocal hybrids react differently. To explain the fact that 
the maternal parent determines to a large degree the reaction of the 
hybrid individuals it is assumed that the cytoplasm or some extra- 
nuelear inclusion governs the immediate reaction of the plant to the 
virus. The convergence of the results from reciprocal crosses in the 
Pa and Fa, however, points to the conclusion that the ultimate con- 
trol is nuclear but that there is a delayed expression of the action of 
the genes. The further assumption is necessary that certain geno-types 
change the reaction of the cyto-plasm more rapidly than others.’’ 

.Pasin'etti, ' L. 

Rieerclie sitologiche siilla ^^maculatura ferrugiiiosa ’ ^ (Eisen- 
tiiberi di patala.) (Histological investigation 
on the iron stain ' V {Eisenfleckigheit) of the potato tuber.) 
Eiv. Patol. Yeg. Pavia 25(21) : 185-227, 1935. 

Passalaqna, T. 

Experience de vaccination sur le Pelargonium zonale. (Expe- 
riences on vaccination of Pelargonium zomle.) Sic. Intern. 
Mierob. Boll. Sez. Ital. 6: 83-87, 1934. 
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Una probabile virosi della ^^Vicia faba LU’ (Note preiiminare ) . 
(A probable virosis of Vicda faba L. (Preliminary note) Riv. 
Pat. Veg. 27:5-6, 145-148, 1937. 

A disease causing a dwarfing of tlie plants. 

Pemberton, 0. E. 

The insect veelors of virus diseases of sugar-cane. Proc. Fifth 
Coiigr. Int. Soe. Sugar Cane Tech. (Brisbane) 1935:118-120, 
1936. 

The author believes that PerMmiella vitiensis and possibly other in- 
sects are vector of the Fiji diseases. 

Pemig^ -0. 

Yellows. Pflanzen-Teratologie 2 : 34-39, 1921. 

Perdran, J. R., & Todd, C. 

The photo-dvnamie action of melhvlene blue on certain viruses. 
Proc. Roy. Soc. B. 112:277-298, 1933. 

Peterson, Paul D., & McKinley, H[arold] H[all] 

The influence of four mosaic diseases of the plastid pigments 
and ehlorophyllase in tobacco leaves. Phytopathologv 38(5) : 
329-342, 1938. 

The authors report an increase in chloro-phyllase activity aeeompanied 
by a decrease in chlorophyll content of the tissues. 

Pethybridg'e, G[eorge] H[erbert], & Smith, K[enneth] M[anley] 

A suspected virus disease of Zonal Pelargoniums. Gard. Chron. 
92:378-379, 1932. 

Petri, L[ionello] 

Suir arriceiamento (eourt-noue) della vite. (On leaf roll of 
grape.) Boll. R. Staz. Pat Veg. 14(2) : 273-278, 1934. 

A review of the author ’s work. 


Trasmissions del virus del rarrieeiamento della vite attraverao 
i tessuti di ima varieta resistente. Atti. E. Acad. Naz. Lineei 
VI, Rend. CL Sen Pis., Mat e Nat. 25(9 & 10) : 413-416, 1937. 

Passage through an intermediate resistant graft does not maetivate 
or attenuate the virus. 

Peyronel, B. 

Bitter-pit of apples. Bull. R. oc. Toscana Ortic 4 ser. 17(11- 
12): 151-159, 1932. 

Pfankuch, E., & 6. 

II. Bioehem. Zeitsehr. 277 

X 1-2 )^ 129-13^ 
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Piemeisel, R[obert] L[oxiis] 

Laiid-irnproYement measures in relation to a possible control of 
the best leafliopper and curly top. IJ.S.D.A. Cir. 416:l“23j 
1936. 

Tile studies reported in this cii*cular were made to show that th.©’ 
application of certain land-improvement measures would aid in tlie 
control of Eutettix tenellus and the curly top of sugar beet. The au- 
thor made a survey throughout southern Idaho and found that the in- 
sects are in economic numbers on the weed hosts on aban- 

donedj weedy fallow^ burned over or heavily grazed, lands. These weed 
host ivill be replaced ultimately with plants that are not hosts for the 
insects. 

Pierce, W[alter] H[oward], & Walker, J. C. 

The development of mosaic resistant Kefugee beans. Caniier 77 
(■26) : 7-9, 1933. 

Popular. 


The identification of certain viruses affecting leguminous plants. 
Journ. Agric. Ees. 51(11) : 1017-1039, 1935. 

The author reports the following distinct viruses obtained from the 
common beans (Phaseolus vulgaris) in Idaho. Common bean mosaic 
virus (bean virus 1), yellow bean mosaic virus (bean virus 2), enatioB 
pea mosaic virus (pea virus 2), common pea mosaic virus (pea virus 
2), common soy bean mosaic virus (soy bean virus 1) and broad bean 
local lesion virus obtained from red clover. 

Legume viruses in Idaho. Phytopathology 27(8) : 836-843, 1937. 

Some strains of bean virus 2 were more severe than others. Most 
legumes were subject to more than one virus. Diseases should be des- 
ignated by viruses rather than by symptoms. One virus usually pre- 
dominates on each host species. Pea virus 3 was the cause of most 
infections on red clover and bean virus 2 for most infections on sweet 
clover; it is possible that the results may be different in different 
localities. Some legume hosts may serve for the overwintering of some 
viruses; e. g. bean virus 2 which causes yeBow mosaic of beans over- 
winter in sweet clover and pea virus 3 in red clover. The ihost im- 
portant viruses in peas and beans in Idaho were pea virus 3 and bean 
virus 1. 

Pinckard, J. A. 

The effect of flue-euring on the survival of ordinary tobaceo 
virus 1. Phytopathology (Abstract) 28(1) ; 18, 1938. 

Piovano, A. P. 

Contribueion para el estudio de las enfermedades por virus fil- 
trables de las plantas eultivadas ea Mendoza. (Contribution 
to the study of virus diseases of cultivated plants in Mendoza.) 
9(2) : 1190^1202, 1937. 



BIBLIOGEAPHY OF VIRUS DISEASES OP PLANTS 355, 

Piroiie^ P. P. 

Geranium crinkle in New Jersey. U.S.D.A. Plant Disease Eept. 
22(9) : 146, 1938. 

Pittman. H[arold] A[mbrose Jacques] 

Fig leaf mosaic. Joiirn. Dept. Agric. West Australia 2nd Ser. 
12(2) : 196, 1935. 

Piakidas, A[iitoiiios] CJ[eorge] 

Leaf variegation of the Blackmore strawberry in Louisiana. 
U.S.D.A. Plant Disease Rept. 18(5): 46, 1934. 

Poeteren, N[icolas] van 

Verslag over de worksaamheden van den plantenziekten krian- 
dugen Dienst, in de jaren 1920 en 1921. Yerslag en Mededeel. 
Plant enziekten kundigen Dienst Wageningen 27:926, 1922. 

A dry temperature of 50° C. for 24 hours failed to hill virus of leaf 
roll in infected tubers. 


Die Bekaempfung der Viruskrankheitieii bei Kartoffeln, mit 
besonderer beriieksichtuiig der Erzengung h®ciiwertigen saaU 
giiter in den Nierderlanden. Rapp. Nat. Sect. V, Theme 9, 
(No. 11) Congr. Intern. Hort, (Rome), 11, 1935. 

Pole Evans, I. B. see. Evans, I[lltyd] B[uller] Pole 

Poos, P. W., & Wheeler, Nancy H. 

On tlie hereditary ability of certain insects to transmit diseases 
and to eaiise disease-like injuries to plants. Journ. Eeon, Bnt. 
27 (1) : 58-69, 1934. 

The authors give a review of the literature and results of experiments 
which lead to the following conclusions: (1) JBwpoasou /ahue , inherits 
the power to cause disease like injuries in legumes and some other 
crops,* (2) pwioae when infected with the virus of spinach 

blight do not transmit same to their offspring. 

^ Westover, H. L.^ 

Alfalfa yellows. Science* 79 ( 2049 ) : 319, 1934, 

Portar, D. R., & Henderson, W. J. ^ 

Onion diseases. Trans. Iowa Hort. Soc. 240, 1929. 

Reference to yellow dwarf of onions. 

Post, T[helina] B. 

Mosaic disease of roses in Arkansas. U.S.D.A. Plant Disease 
Rept, 19(7): 98-99, 1935 

Price W[ililam] 0[onway] 

Classification of lily-mosaic vims. Phytopathology (Abstract) 
27 ( 2 ) :138, 1937. 
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, & Gowen, J[oliii] W[Mttemore] 

Quantitative studies of tobacco-mosaic virus inactivation by iiltra- 
violet light. Pliytopatliology 27(3) : 267-282, 1937. 

The authors summarize their work as follows: ^^The survival values 
of tobacco-mosaic virus exposed to ultra-violet light follow a simple 
exponential curve. If we regard radiant energy as absorbed in discrete 
units, this curve may be obtained when one unit of energy absorbed in 
a virus particle is sufficient to cause its inactivation. The rate of 
inactivation will depend on the amount of energy incident to the virus. 
The data show that %vlien the virus is most purified (in a solution of 
crystalline material) and the solution has least extraneous matter to 
absorb the energy, the rate of inactivation is greatest. Adding juice 
of healthy tobacco plants to purified virus lowers the rate of inactiva- 
tion. The rate for the crystalline material i)lus juice of healthy to- 
bacco plants is essentially the same as that for the virus in juice of 
diseased plants. The rate of inactivation for virus in non-purified 
dried juice follows essentially the same curve as that for the wet ma- 
terial, except that a portion of the virus fails to become inactivated 
even when exposed for long periods of time. This is believed to b© 
due to the fact that dried virus particles, because of their fixed posi- 
tion, are sometimes overlain by other materials and thus shielded from 
the ultra-violet light. 


Olassifieatiou of lily-mosaic virus. Phytopathology 27(4) : 561- 
569, 1937. 

• A record of a number of cross inoculation which indicate that this 

virus is the same as cucumber mosaic virus. 

Wyckof, R[alph3 W[alter] G[raystone] 

The ultracentrifugation of the proteins of cucumber viruses 3 
and 4. Nature 141(3574) : 685-686, 1938. 

Prien 

1st eiiie Bekamp fling der Kartoffelabbanes nioglichf (Is a cam- 
paign against potato degeneration practicable f) Deutseh. 
Landw. Pr. 63(5) : 57, 1936. 

Beeommends gi-owing of excised eyes, 

PrutM, H. S. 

Entomological investigations on the spike disease of sandaL 
XIY, Jassidae (Homopt) Indian For. Rec. 30, 1934. 

& Samuel, 0. K. 

Entomological investigations on the leaf-curl disease of tobacco 
in North Bihar. I-II. Indian Jourm Agric. Sci. 7(4) : 659- 
670, 1936. 

I. Transmission experiments with some suspected insect vectors. 

II. An alternative host of the virus and the insect transmitter. 
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Puclmer, H. 

Neiie Gedank en iiber das "‘Rollen’’ mid das ^^Kransehi”* de 
Kartoffelbeattes. Der Kartoffelbaii 10:161-168, 1926. 

Leafroll is said to be due iu part to moisture content and relations. 

Purdy, [Beale] Helen A [lice] 

Possible relationship of Stanley’s crystalline tobacco mosaic vims 
material to iiitra-cellular inclusions present. Contr. Boyce 
Thompson Inst. 8(4) -.333, 1936. 

Tills is an abstract of a paper presented at the meeting of tbe 
American Pbytopatliological Society, December 28, 1936, in Atlantic 
City, New Jersey. The author studied Nieotiana tabacum infected with 
strains of tobacco mosaic virus and found striated material described 
by Iwanowski (1903) and the X bodies described by Goldstein (1924). 
The striated material or ciystals are similar to those obtained by Stan- 
ley ’s method. 

** I) 

Relation of Stanley’s crystalline tobacco-virus protein to intra- 
eeiiular crystalline deposits. Contr. Bovce Thompson Inst. 
8(5) : 415-431, 1937. 

The author gives a brief review of Stanley’s work. The crystalline 
tobacco-virus protein used in these studies was isolated from several 
sources and tested with antiserum. 

'^It is suggested that the intracellular crystalline plates may be 
more complex in chemical constitution than Stanley’s crystalline to- 
bacco-virus protein. ” 

is concluded that the intracellular crystalline deposites are the 
source of Stanley’s crystalline tobacco-virus protein because: A,^ — The 
two crystalline compounds are present in large amounts. B, — There is 
a striking similarity in the gross appearance of the needles precipi- 
tated in the cell and isolated from virus extract. C. — The acidity and 
alkalinity at which Stanley reports denaturation of the protein corre- 
sponds closely to the reactions at either end of the pH range at which 
the intracellular crystals go into solution and are not subsequently re- 
crystallizable. ” 

is concluded that concentration is an imj)ortant factor in the 
intracellular crystallization of tobaeeo-vims protein. ” 


Tlie intraee]lular crystallijsatiou of Stanlev’s tobacco virus pro- 
teins. Journ. Bact, (Abstract) 33(3) :'336-337, 1937. 

Ptrtman ^[oland] P. 

Comparative studies in potato virus diseases. Canadian Journ. 

^ and describes potato mosaic under the name of yellow 

mottle ’k It belongs to the latent or X virus group. 
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PHttemaiis, Arsene ■ . , . 

Iiiforniaeoes sobre ‘^Boencas de Degenerescencia’'’ de Batatoira 
BO Brasil. (Degeneration diseases of potato in Brasil.) Rev, 
Agric. Brasil 9(3>4) : 103-111, 1934. 

A leaf roll disease. 

Qmnjer, H[eiidrik] M[ariTis] 

Vergelijking tiissclien den gezondliertstoestand van seliotsche en 
iiord liollandsclie Pootaardappeleii. Tijdsehr. Plant enziekten 
31:7-10, 1925. 


lets over de virnsziekten van tropische eiiltuur-gewassen. (An 
account of some virus diseases of tropical plants.) Landboiiwk. 
Tijdselir. Wageningen 50(611) : 324-338, 1938. 

Accomit of ■\drus diseases of toLaeco, cassava, Soja^ AfaokiSf Musa^ 
sugar cane and rice. 

Racicot, H[oinera] N[oe] 

Bean mosaic. Canada Rpt. Dominion Botanist 1926:57, 1926. 

Ealeigh, W[alter] P[atrick] 

All abnormai graft reaction in potato resulting* from a virus 
infection of a scion on a resistant stock. Phytopathology 26 
(8): 795, 1936. 

The author found that when scions containing latent mosaic vixns 
(X-virus) or mild -mosaic- virus were grafted on certain stocks, the 
plants developed a rolling of the leaves and aerial tubers. He says 
that ‘'^Eesults, thus far, indicate that the general principle of grafting 
infected scions on potatoes to determine their reaction to the virosis 
concerned may be of much value in studies on resistance to virosis. ^ ^ 

Eamaiiatlia Ayyar, & Balasubrahmauyau, R. 

Occurrence of sterile plants in Bengal gram, {Cicer arietmum). 
Madras Agric. Journ. 21(9) : 392-393, 1933. 

The authors report the occurrence of this disturbance for three con- 
secutive seasons. After close observations and studies, there was no 
fungi, insects, physiological cause or any other agent to make respon- 
sible for the disease. They concluded judging from the behavior of 
the disease that it is caused by a virus. 

Eamsborn, E. 

Zur Physiologie des sog. Kartoffelabbaus. II fiber eine forma- 
tive Virkung von Beteroanxin auf das Austreiben von Kar- 
toffelknollen. (On the physiology of the so-called potato de- 
generation. II. On a formative action of beterauxim on the 
germination of potato tubers.) Planta, 26(5) : 737-750, 1937. 

Saphad, T. D. 

Virus diseases in straw-berries. Tasmanian Journ. Agric. n. s. 

^8(3) : 152-155, 1937.; I; 
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Eavas, L. , , ‘ 

Essais de traitement fu eourt-noiie. (Tests on the treatment of 
.“coiirt-noiied'’)- Ann. Ecole Nat. Agr. Montpellier 20(3) : 
213-218, 1930. 

Eawlins, T[]ioiiias] E[lsworth], & TakahasM, Williain M. 

The nature of viruses. Science 87(2255) : 255-256, 1938. 

The authors call attention to a number of papers published during 
the last six years and conclude: is obvious that much of the above 

speculation is based on meager evidenee; it, is presented with the hope 
that it may stimulate further research in this field rather than that 
it may enable the reader to reach a conclusion regarding the nature 
of virus. ’ ’ 

Reddick, Donald 

Seed transmission of potato vims diseases. Amer. Potato Joiirn. 
13(5): 118-124, 1936. 

A review of the subject and the results of the author’s experiments. 
In the first part of the paper the author says: ^^Transmission of any 
virus diseases through the true seed of the potato has not been estab- 
lished with certainty.” In the summary he says: ^^Seed transmission 
of the potato disease acropetal necrosis, caused by a virus occurs in a 
low percentage of cases. Some evidence is presented which indicates 
that entry of the virus into the embryos may be affected by the pollen. ' ^ 
‘inferential evidenee that acronecrosis and leaf -roll, also caused by 
virus, may be transmitted through the true seed is also presented. 

Reed, H[oward] S[prague] 

Cytology of leaves affected witk little-leaf. ^Vmer. Journ. Bot. 
25(3): 174-186, 1938. 

Reeves, Enoch L. 

Mottle leaf of cherry, Washington State Hort. Assoc. Proe. 
31:85-89,1935. . : • ; - 

Popular. Thus far the disease has been transmitted by budding and 
grafting only. 

Reinking, 0[tto] A[ugust] 

Bean mosaics,- their relation to the canning crop, Caiiiier 84 
,.,(17) :20,. 1937. ,. 

A popular review of the situation. 

' Rhoads, A. S. , 

Observations on psorosis of citrus trees in Plorida, Citrus Ind. 
18(5) : 8-9, 16-17, 1937. 

A summary of our knowledge of the subject and results of surveys 
made in 1927 and 1936. 
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Ehode, Cr. 

Kalimaiigelerseheiiiungen iind Kartolfeln. Kali iin Stoffweelisel 
cler Pflaiizen miter besonderer Beriicksichtigiing der Kaliinaii- 
gelers-clieiiiimgen an Kartoffeln. D. Kartoifelbaii 19(1) : 73- 
78, 1935. CD. Kartoffelhandel 21, No. 47, 1935.) 

Richter, H. 

Eine noeli niclit anfgeklarte Liipin-kranklieit. (A hitherto un- 
explained Lupin disease.) Naehrichtenbl. Deutseh. Pflaii- 
zenschiitzdinst. 14(9) : 81-82, 1934. 

An obscure disease with symptoms of virus diseases. 


Die Gelbsiieht der Sominerasteii. (Yellows of China asters.) 
’Naeher B. Deutseh.. Pti. Seh. Dienst. 16(7) : 66-67, 1936. 

A report on the presence of this disease in Germany. 

Riemsdijk, J. F. van 

PliTsiolog'iseh Oiider-zock van de “ Yergelinsziekte ” van Voeder- 
beiten en de schade dor dize Ziekte Ceweegebraclit. (Physio- 
logical investigation of and damage done by yellowing disease 
of fodder beets. ) Tijdseiir. Plantenziekten 41(12) : 317-329, 
1935. 

In yc?llow diseased plants the dry content of the leaves is larger than 
in healthy plants; the dry contents of the roots less; and number of 
leaves greater. There is an accumulation of starch in the leaves which 
is due to a disturbance of the translocation. 

Rienhoff, William Sr. 

Principles and foibles of cancer research in regard to etiology 
and nature. Waverly Press, Inc., Baltimore, Maryland 200 
p., 1936. 

The author is a Doctor of Medicine and discusses the subject from 
the standpoint of his profession. The book is interesting to the plant 
pathologist because several pages are devoted to virus diseases of plants. 
The work is summarized in part as follows: 

‘ ^ The cancer cell is a dualistfe organism in constitution and action^ 
consisting in a living filterable virus and a fixed living body cell. The 
interaction between the two is that of an actual cell invasion of the 
germ into a cell deficient in its impermeability; and to its progress 
into the nucleus' where cancer development really starts. Sarcoma is 
the outcome of a germ invasion in sub-cutaneous lesions, by a circuitous 
route directly into a primarily damaged cell; cancer is the outcome 
of an invasion by a direct route into a defective cell of external or 
internal surfaces in the process of repair or regeneration.^! 

This paper is worthy of the attention of the students of both animal 
and''plants viruses. 


Protein-vinm as a morbific factor. A mimeograpb manuscript, 

i-U p., I.i7c>,/.v 

For eomparison with pages 92 and 125 of the preceding. It is de- 
Toted entirely to a virus and attention is given to the recent work of 
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Stanley. It is unfortunate that it was not published in a journal 
which would give it a wider distribution than it can receive as a 
mimeograph publication. 

Raininiitli, E[rnst] F[riedrich] 

ViiTisinfektioii mid abbaii. (Virus infection and degeneration.) 
Kraiike Pflanze 14(5) : 81-86, 1937. 

Rietsema, I. 

De mozaiekziekte der Pranboszen. (The mosaic disease of rasp- 
berries.) De Pruitteelt 28(12) : 206-212, 1936. 

A study of the varietal resistance to the disease and efforts to de- 
velop resistant “strains. 

Riker, A[lbert] J[oyce], & Riker, Regina (Emma) S[tockhaiiseii] 

Iiitrodnetion to research on plant diseases. Published by the 
authors at ITniv. Wisconsin, 1936. 

Chapter YI is devoted to methods for the study of virus diseases. 

Rischkow, V[itolij] L. 

{ Mutations and diseases of ihe chloroplast. ) Moscou, 192 p., 
1933. 

Contains a discussion of chlorosis, mosaic and related virus diseases. 

, & Karatschevsky J., & Michailova, P. V. 

Ueber die Priiehtverholznng bei Tomaten. Verlaiifige Mittei- 
imig. (On the woodiness of fruit in tomatoes. Preliminary 
note.) Zeitsehr. Ptlr Pflanzenkrankh, ii. Pflanzenschiitz. 43 
(8-9): 496-498, 1933. 

A brief description of a disease of tomatoovS believed to be a pre- 
viously undeseribed virus diseaso in the Crimea, characterized by woodi- 
ness of the fruit as reported on passion-fruit from Australia, hnown 
as ^^stolbur^^ 

IHtra virus iiud Immoniiat. (Ultravirns and immunity.) Bpt, 
3rd. Int. Cougr. Compar. Patbo. 1(2) : 153-166, 1936. 

A review of the subject. 

Immunitv of plants from diseases caused by filterable viruses. 
BulL AppL Bot. Select., 1937, Ser. 2(11) : 81-105, 1937. 

A review of the work done and a bibliography of 70 titles 

Rivera, 'V. 

Prospettive di studio nelle malata da ^‘virus’’ nelle piante. 
(Studies on virus diseases of plaiits.) Niiovo Giornale Bot. 
Italiano Firenze 41(4) .* 776, 1934. (Int. Bull. Plant Prot. 9 
(4): 99, 1935. Atti Della Soe, Prog. Sci. 23(3) : 139-140, 

;1935.). 
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Eolandj G. ■ . ■ 

Etude de la JaHmsse. de ia betterave. (Study on beet yellow- 
ing.) Eev. Patli. Veg. Ent. Agrie. 23:185-207, 1936. 


Eeeliereiies sur la Jauiiisse de la betterave quelques obserA-'atioiis 
siiF la iiiosai('iue de eette plants, (Eeseareli on sugar beet yei~ 
lowiiiu, together with' some observations on mosaic of this 
speciew) k,icr. Beige 55(11 ).: 213-217 : (12) : 231-241 ; (13): 
263-268 ; (14) : 289-293, 1936. 

Tlie jellowing shows aceunmlation of stareli in the leaf and gum- 
mosig in the phloem. It is transmitted by graf ting and by Mym^s per- 
sime and Aphis fabae but not sap inoculation. It resembles potato 
leaf roll It overwinters in the roots. The symptoms are intensified 
by liglit and diAmess. The mosaic shows a variety of symptoms which 
makes a definite description difficult. M^fzm persicae is a vector. The 
symptoms are retarded by light. 

Rosen, H[aiTy] R[obert] 

Mosaic disease of roses in Arkansas. U.S.D.A. Plant Disease 
■Eept. 19(2) : 98-99, 1935. 

Rosenfeld, Arthur H[iiitoii] 

Some notes on varietal resistance to streak disease in Egypt and 
Natal. Intern. Sugar Joiirn. 40(471) : 99-100, 1938. 

Rosa, A. Frank, & ¥inson, C[arl] G[eorg-6] 

Mosaic disease of tobacco. Action of proteoclastie enzymes on 
the Virus fraction. Nature of the virus from various species 
of plants. Missouri Agrie. Expt. Sta. Res. Bull. 258, 19 p., 
1987. 

The authors conclude that the inactivation of the virus by trypsin 
is the result of absorption. Pepsin inactivates slowly and at pH 3. 
The authors studied virus preparations from 19 species of plants. They 
describe a method of purifying viruses. The authors believe that the 
inactivation of a virus is the result of adsorption and not to the en- 
zyme action of the host plant. 

, & Stanley, W[endell] M[ereditli] 

Partial reactivation of formalized tobacco mosaic virus protein. 
Proe. Soe. Expt. Biol. & Med. 38(2) : 260-263, 1938. 

Tobacco mosaic virus protein that had been partially or completely 
inactivated by formaldehyde was made active by dialysis at pH 3. 

Ecus, L. 

Essais oontre le eourt-noue. (Experiments on tiie control of 
“court none'’.) Progr. Agr. Vitic. 107(12) : 295-287, 1937. 

A leport oa failures to control the disease. 
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EnMand, W. & Micliael, G. 

Ziir Pliysiologie des sog. Kartoffelabbanes. (On the physiology 
of tile so-ealled potato degeneration.) Ber. Verb. Akad. Wiss. 
Leipzig 88(1) : 3~m 1936. 

A study of physiological disturbances. The writers are of the opi- 
nion that their observations do not conflict with the virus disease theory 
of degeneration. 

Byakliovski, N, A. 

(Determin-ation of the- iiijnriousness of tomato diseases and 
method for their control.) Plant Prot.- Leniiigrad. 1935: 88- 
91, 1935. 

Sabaschnikoff. A. W. 

Der Kartoffelabbaii imd die Bekampfungmitte]. Osteiirop Laiid- 
Zeitg. 13(12): 1-6, 1936. 

Salaman E[edcliffe] N[athan] 

Eeport on a seheme for raising virus free potato stock. Cam- 
bridge Sehool Agile. Mem. 7, 41 p., 1935. 


Immunity to virus diseases in plants. ThiiM Cong. Pathol. Int. 
Comparee. Athens, 1936, 1:167-178, 1936. 

A very excellent review of the subject including comparisons with 
immunity in animals. The author says: ‘^The study of immunity in 
plants has suffered not a little from the application to it of ideas bor- 
rowed from animaf immunology. Such views have dictated the expe- 
rimental approach of many workers to the problem, no less than the 
explanation of such results as have been obtained, and of the phenomena 
observed in nature.’’ 


Acquired immunity against the potato virus. Nature 

(Londou) 139 (3526) : 924-925, 1937, 

This paper describes tobacco plants completely immune and potato 
plants partly immune against the virulent form. It was obtained by 
transmitting the virulent form through ScJvimnthus retusus or into the 
root fibers of tobacco plants. 


Plant viruses and their relation to those affecting niaii and ani- 
mals. Lancet 232:827-833, 1937, 

This is a lecture given before the Southampton Medical Soeiety, 
January 13th, 1937, It is a review of our knowledge of the subject. 
The anther concludes by saying: Although the incidence of virus 

diseases in our field and crops and glasshouses has undoubtedly in- 
creased, there is no reason for 'undue pessimism. What is needed is 
more research on virus diseases and a closer understanding between the 
pathologist and the plant breeder. It is the latter who needs to realize 
that when by his breeding methods he gives us a large and ever larger 
crops, bigger and whiter fruits, and the like, he has almost certainly 
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discarded in route a number of hereditary genes -which alone or in coiii» 
bination with other may be responsible for that vague but important 
eharacter-eonstitution. ’ ’ 

Salmon, E[rnest] S[tandley] 

On tlie appearance of sterile dwarfs in EumuUis l/iipulm Ii. 
Jonrn. Genet. 3:195, 1914. 

, & Ware, W[illiam] M[elvine] 

Nettleliead disease of hops. Joiirn. South Eastern Agile. ColL. 
27:95, 1930. 


Diseases of hops. Joiirn. Inst. Brewing n. s, 41(6) : 235-2375 
1935- 

Eeeognizes 3 virus diseases — iiettlehead, mosaic and chlorotic diseases*. 

, & Ware, W[illiain] M[elville] 

Dept, of Mvcologv. Jonrn. South Eastern Agric. Coll. Wye, 
Kent. 37: 15-28,^ 1936. 

A record of a virus tip which is called ^^duffy tip. 


Fungus and virus diseases of the hop. 11. Joimi. Inst. Brew. 
42 (4) : 184-186, 1936. 

Includes one new disease probably due to a virus, ^ ^ fluffy-tip ® ’ or 
* ‘ bunchy-top ^ ^ 

Sastri, B. M., & Sreenivasaya, M[ontnahalli] 

Insect transmission of spike-disease. Current Sei. 3(1) : 27-285 
1934. 


Physiology of the spike disease of sandal. Proe. Indian Acad. 
Sei. 3(6) : 444-449, 1986. 

Scammell, H. B. 

Cranberry false blossom from the viewpoint of the grower. Proc. 
Wisconsin State CranbeiTy GrowA Assoc. 44:8-11, 1931. 

Schander, Staar 

Berieht liber die Tatigheit des Instituts fiir Pflanzenkraiikheit^ 
1929-30. Landw. Jahrb. 72:62-91, 1930. ' 

Considers mosaic a disease of the nucleus. 

Scharff, J. 

Celery mosaic. California Cult. 83(24) : 818-819, 1936. 

Schenk, ,P: J.. 

Ziektenbestryding bij Amaryllis en Gloxihie. Ploralia 55(10) : 
147-148,. 1934. 

A disease of Gloxinia supposed to be due to a virus and a mosaic: 
■ disease .of Amaryllis. ' 
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ScMck, E. 

Die Wiclitigsten Viriiskrankheiten der Kartoffeln. Hire Bedeu- 
tiing fiir den Abkaii nnd ihre Bekampfnng. A. Metzner, 
Berlin, 40 p., 1936. 

Schlnmberg'er, Otto 

Abbaiikranklieiten der Kartoffel. ‘Woclienbl. Landesbaiiternscb. 
Sa. (Freistaat) 84C3) :432, 94:131-132, 1936. 

Schmidt, E[mest] W[illy] 

The beet bug. Carrier of a dangerous virus disease. Brit. 
Sugar Beet Rev, 10(2): 43-46, 1936. 

Popular. 

Schmidt, M. 

Die Massnalnnen ziir Vermeidiing der Kraixselkrankheit der 
Putter-und Zuekerriiben. D. Kurmark. Bauer, 1934. 

Schneider, G[eorge], Schlnmberger, 0[tto] & Snell, K[arl] 

Yersiiehsergbiiisse auf dem. Gesamtgebiete der Kartoffelbaus 
in den Jaliren 1923-26. Nach. den Berieliten der Kartof- 
felversuehastelden bearbeitet. Mitt. Biol. Reindsanstalt. f. 
Land-u. Forstwirtschaft 36 : 125, 1928. 

Studies on mosaic. 

Schreven, D. A. van 

(The yellowing disease of sugar beets and its cause.) Meded. 
Inst. Snikerbieten. 6(1): 36, 1936. 

This is a brief review of the most important chlorotic diseases of 
sugar beets in Europe and includes both virus and physiological diseases. 

Schultz, E[ngene] S[chultz] et al. 

Degeneration diseases of potatoes. Maine Agrie. Expt. Sta. Bull. 
377:348-350, 1934. 

et al. ... 

Nature of virus diseases. Maine Agrie. Expt. Sta. (Prog. Rpt.) 

^ Bull. 380:162, 1935. 

, — , et al- 

Comparison of two aphids species regarding transmission of mild 
mosaic, leaf roll and spindle tuber. Maine Agric. Bxpt, Sta. 
Bull (Prog. Rpt.) 380:168-170,1935. 

& Ealeigh, W[alter] P[atrick] 

Acquired resistance of potato to latent mosaic. Phytopathology 

^ .' ■ ■ ■ ■ . 

^ ^ 

Reaction of Clreen mountain potato seedling to composite inf ec- 

tion of a inild and crinkle mosaic and different types of latent 
mosaic virus. Phytopathology (Abstract) 26(2) : 107, 1936. 
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& Clark, 0. F., Stevenson P. J., & Ealeigh, W[alter] 

P[atrick] 

Eesistant of the potato latent mosaic. Amer. Potato Joiirn. 14 
(4) : 124-127, 1937. 

Tlie results of some cross breeding. 

Raleigh, W[alter] P[atrick], Stevenson, F. J., Bonde,. 

Reiner & Beaumont, J. H. 

Recent developments in potato breeding for resistance to virus 
diseases. Pliytopatliology 27(2) : 190-197, 1937. 

A record of very important studies on mild mosaic, veinbanding mo™ 
sale, spindle tuber and leaf roll. 

Sciiiister, L. 

Eiii gefaiirlielier Znckerriibeii-scliadling. Naturforschr 12(12): 
415-416, 1936. 

The author believes that the beet leaf bug Fiesma qmdrata (Zosme- 
nm qiiadratus) is the vector of crinkle. 

Sch-wartze, C. D., & Huber, Glen A. 

Aphis resistance in breeding mosaic-escaping red raspberries. 
Scieiice 86(2224) : 158-159, 1934. 

The author concludes by saying that resistance probably results from 
a lack of suitable food for the insect rather than the presence of an 
active repellent substance. 

Schwirzer, J. 

Tjemara-ziekte bij tabak. Besvekiseh Proefstat. Meded. No. 50: 
1-28,1933. 

Bcott, G. T. 

New eurly-top re.sistant strains of' beets. West. Irrig. (San 
Francisco) 18(2) : 7, 1933. (Pacts About Sugar (Abstract) 
31:151,1936.) 

Popular, 

Seastoae, C, V., Loring, H. S., & Gbiester, K[enneth] S[tarr] 

AnaphyiaAis with tobacco mosaic virus protein and haemocyauin. 
Journ. Immunol 33(5) : 407-418, 1937. 

The results of these studies are summarized as follows: The ana- 
phylactic properties of the tobacco mosaic virus protein and the hemo- 
cyanin of polyphemua have been studied in sensitized guinea 

pigs in vivo and by means of the Sehultz-Dale method. ’ ’ 

The results demonstrate that the tobacco mosaic virus proteih is 
anaphylaetogenie when tested in vivo^^ but in agreement with previously 
published data fails to cause smooth muscle contraction when tested 
in vitro. 

The results of the experiments with the hemocyanin of Lmulus poly- 
phemns demonstrate that his ^protein is anaphylaetogenie when tested 
by either of the above methods. 
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Sesa, S. ¥. 

Scheme for research on mosaic and other diseases of sugar cane. 
Seieiit. Ept. Agric. Res. Inst. (Pusa) 1933-34 : 154--1 67, 1936. 

Severin, H[eiiry] H[ermaii] P[aul], Freitag, Julius H[emaE] 
Ornamental fioweriiig plants naturallj" infected with eurly-top 
and aster yellows viruses. Hilgardia 8(8) : 223-260, 1934. 

Fourteen species of ornamental plants in 13 genera belonging to 10 
families have been found to be naturally infected with curly top in 
California. ^ ^ 

Shapovalov, M[ichael], Dufrenoy, J[eaii] 

Uii virus infectaiit des solanees et des plantes d ’ornament dans 
le sud-oiiest de la Prance. (A virus infectious to the orna- 
mental Solanaceous plants of South West Prance.) Compt. 
Rend, Soc. Biol (Paris) 123(31) : 696-698. 

This disease attacks Lyeopersicon esculentiim, Nicotiam- talacimf 
Dahlia sp. and CalUstephm sinensis. It is transmitted by Thrips tahacL 

Shatova, E., & Krivin, B. 

(The elaboration of methods of viroiogical plant examination.) 
Summ. Sei. Res. Work Inst. Plant Prot. 1935, Leningrad, p. 
507-509, 1936. 

Sheffield, Frances M[arion] L[ena] 

The susceptibihty of the plant cell to virus diseases. Ann. AppL 
Biol. 23(3) : 498-505, 1936. 

The author used auciiba mosaic (yellows strain) of tomato and to- 
bacco mosaic (Johnson No. 1) as the viruses. The host plants were 
Solanum nodiflorum, S. lyoopersicum., Nicotiana tahaanm and N, gVwti- 
nosa» His results are summarized as follows; A number of spray- 
ing experiments showed that the virus cannot enter a plant unless some 
of the cells are injured. It is not essential that such injury should 
be brought about in the presence of the virus. The chances of infee- 
tion fall off rapidly in the first few minutes after injury, but infec- 
tion occurs occasionally as long as half an hour after this damage. 
^'Inoculations by micropipette into single cells of the hosts plant 
yielded only about one-tenth of the expected number of infeetions. This 
suggests differences in the susceptibility of the cells to virus attack, 


The role of plasmoderms in the translocation of virus. Ann. 

AppL Biol, 23(3) : 50&-508, 1936, 

The intracellular inclusions may occur in all the epidermal ceils of 
a large area except in the guard cells. No protoplasmic connections 
could be shown between the guard and other epidermal cells. There- 
fore, the author suggests that the virus is carried from cell to cell by 
the protoplasmic bridges but cannot enter the guard cells because there 
are no protoplasmic connections. 
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Tlie liislolog’T of the necrotic lesions induced by virus diseases. 
Ann. AppL Biol. 23(4) : 752-758, 1936. 

The author stimulated mitosis in Nicotiana glutinosa by inoculation 
■with aueuba mosaic. He describes the necrosis which follows the nu- 
clear divisions. 


Intracellular inclusions in plant virus diseases. Deux. Cong, 
lilt. Biol. 23(3) : 506-508, 1936. 

Shen, C. I. 

Studies in toniosis of cotton. Sinensia, Wanking 7(3) : 293-316, 
1936. 

Silberschmidt, Karl 

0 inosaico do fumo. (Tobacco mosaic.) 0 Biologieo (Brazil) 
2(11) : 381-383, 1936. 

Brief popular notes describing the disease. 


A degeneresclienoia da batatinha. (Potato degeneration.) 0 
Biologieo 3(9} : 247-254, 1937. 

Popular discussion of the subject. In his statement the author at- 
tributes degeneration of potato to virus disease. He discusses several 
of the different types of potato virus diseases. 

Simmonds, J[ohn3 H[oward3 

Diseases of the tomato. (Queensland Agrie. Journ. 45(1) : 5- 
11, 1936. 

Popular. Contains notes on mosaic, spotted wilt, big bud and streak. 


Les nialadies du bananier. (Banana diseases.) Eev. Bot. AppL 
& d'Agric. Tropic. 16:29^301, 1936. 

Simpson, G[eddes] W. 

Insects in relation to the transmission of virus diseases of po- 
tatoes. Maine Agrie. Bxpt. Sta. Bull. 377: 351-353, 1934, 


Insects in relation to the transmission of virus diseases. Maine 
Agine. Expt. Sta. Bull. 384; 427-428, 1936. 

A report of progress. 

Slmdenia, A. W. 

Effects of time of planting and of fertilizer mixtures on the 
curly top resistant sugar beet variety U. S. No. 1 in Idaro. 
U.S.D.A. Circ. 273, 15 p., 1933. 

SmaM, :C. G.L , , • 

Spotted wilt (virus) in New York. tJ.S.D.A, Plant Diseases 
Rept. 20(14) : 226, 1936. 
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Small, T. 

/^Little potato” disease. Gard. Chron. 96:128, 1934. 

Popular. 

Smith, A. M., & Paterson, W. Y. 

The study of variety and virus diseases of infection in tubers of 
Solanum tuh&rosum by the ascorbic acid test. Biochem. Journ, 
31(11) : 1992-1999, 1937. 

Smith, Floyd F[raiiklin] 

The need of permanent reference eollectioiis of insect vectors of 
plant diseases. Phytopathology 27(2) : 198-202, 1937. 

A discussion of the importance of collections of insect vectors and 
more accurate data concerning them, about one-half this paper is de- 
voted to the vectors of virus diseases. 

Smith, J[ahn] Henderson 

Discussion of recent work on heavy proteins in virus infection 
and its bearing on the nature of viruses. Proc. Eoyal Soc. 
Med. 31 : 199-210, 1938. 

A review of our knowledge of crystals in relation to viruses. 


Some recent development in virus research. Ann. Appl. Biol. 
25(2) : 227-243, 1938. 

This paper is the address of the retiring president of the Association 
of Applied Biologist delivered to the annual general meeting on Friday, 
February 11, 1938. It is a discussion of (1) methods of control and 
(2) nature of the virus. The second part is devoted primarily to the 
works of Stanley, Bawden and Pirie. 

Smith, K[eiineth] M[andly] 

Mosaic disease. Gard. Chron. 73 : 345, 1923. 

An editorial based on investigations on tomato mosaic. 

Mechanism of transmission of plant viruses. Proc, Roy. Soe. B, 
112, 1933. 


Plant viruses and their insect vectors. Fourth Imp. Ent. Conf. 
Rpt p. 68-70, 1935. 


The problem of a plant virus infection. Second Int. Congr. 
Micro-Biol. London, 1936. 

& Doncaster, J. P. 

The particles size of plant viruses. Third Int. Congr. Compar. 
Path. Rpt. 1(2): 179-182, 1936, 

The deteimination of the particle size of a number of viruses by 
Elford’s methods. 
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All air-borne plant virus. Nature 139(3513) : 370, 1937. 

This virus was obtained by drawing air througii cotton wool pads^ 
It was treated on leaves of Phuseolus vnlgaris. 


Studies on a virus found in the roots of certain normal-look- 
ing plains. Parasitology 29(1) : 70-85, 1937. 

A virus was found in the roots of several species of hosts plants 
which did not show symptoms of disease. NiGOtiana tahacum and 
gkitmosa sometimes showed symptoms, usually on the lower leaves* 
There was no evidence that the virus was carried in the seeds. The 
plants were grovno. in sterilized soil. The virus was never completely 
systemic in any host plants. The thermal death point is 72 °0. 


Further studies on a virus found in the roots of certain normal- 
looking plants. Parasitology 29(1) : 86-87, 1937. 

This is a record of a continuation of the studies recorded in the 
p)i‘^<^cding papers. The virus was found to be a contamination from 
outside sources. It •was found in the sludge at the bottom of the water 
tanks and the evidence shows that it was conveyed in the water to the 
soil and thence to the roots. It is thought to he a transitional stage 
between a pathogen and a non-pathogen. 


A textbook of plant virus diseases. A book of 615 p,, 1937. 

A very complete study. One section is devoted to insect vectors. 
Saeli,,K[arl]' ' 

Uutersiuliungen uber die Lupinen-braiie (Viruskrankheiten.) 
(Investigation on Lupin virus diseases.) Nachrichtenbl. f. d. 
Deiitseli. Pflanzeiisehutz. 15(10) : 90-91, 1935. 

Snyder, Wfiliiam] C[owperthwaite], & Thomas, H. Rex 

Spotted wilt of the sweet pea. Hilgardia 10(8) : 257-262, 1936. 

This disease is described as streak. Besults of experimental inocula- 
tions and a general discussion are given. 

Sorauer, Paul 0[arl Moritz] 

^ der Pflanzenkrankheiten. Erster Band. Die Nicht- 

parasitaren und Viruskrankheiten. Zweiter Teil. Sechste, Nen- 
Auflage. VIII : 553 p., 1934. 

'Soriano^'S. 

Bnfermedades de ‘Virus’' de las vegetales (Plant “virus" dis- 
ease.) Rev. Centro Estud. Agron. Univ. Buenos Aires 24 
(144) : 207-237, 1931. 

A popular account. 
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Spencer, Ernest L. 

Influence of host nutrition systemic development of tobacco mo- 
saic. Plant Physiology 12(3) : 825-832, 1937. 

Nicotiana iabacum L. was gro'v^Ti in sand cultures for this work. 
The plants were inoculated with a yellow strain of tobacco mosaic. The 
influence of nutrition was measured by the time required for the viirus 
to reach and produce symptoms in the apical leaves. * 

Symptoms appeared earlier in plants that had received a minimum or 
eseess of nitrogen than in those that had received a medium amount. 

Symptoms appeared earlier in plants that had not received phosphorus 
than in those that had received an excess for one week before inocula- 
tion. These plants showed symptoms earlier than those that had re*^ 
eeived an excess for 2, 3 or A weeks before inoculation. 

The appearance of symptoms was correlated with excess of potassium^ 
^ ^ It is concluded that, the systemic development of the disease was 
accelerated by higli-nitxogen nutrition and retarded by either high- 
phosphorus or high-potassium nutrition. The rapidity with which symp- 
toms of systemic infection developed showed no apparent correlation 
with the distance the virus had to travel to reach the growing tip.” 


Seasonal variations in susceptibility of tobacco to infection with 
tobacco-mosaic virus. Phytopathology 28(2) : 147-150, 1938. 

The author summarizes the results of his studies as follows: 
study involving weekly tests over a period ot 2% years showed defi- 
nite variations in the susceptibility of small Turkish tobacco plants to 
infection with tobacco-mosaic virus. Susceptibility was high during 
early summer, a period characterized by high temperature and long 
duration of sunshine, and low during late winter and early spring. 
The incubation period of the disease within the plant showed a direct 
correlation with seasonal fluctuations in light and temperature, being 
short during early summer and long during the winter months.” 

Spieckermann, A[lbert] 

^ W sehutze ieh mieh gegen den Abban der Kartoffelnt 
Woehenbl. Landesbaueimsch. Westf^ 1239, 1935. 

Spierenbtirg, Dina 

Een Virusziekte in Lupinen. (A virus disease of lupines.) 
Tijdsehr. Plant enziekten >42(3) : 71-76, 1936. 

A disease causing dark stripes and spots on the stems. The leaves 
become vioiet-brown, wrinkled and the tops die. 


Een Virusziekten in Lupinen. (A virus disease of lupines.) 
Tijdschir. Plantenz. 42(9) : 253-254, 1936. 

Continuation' of previous observations. 
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Spinks, G/T., & GlotMer, C. E. 

Tlie iiieideiiee of ‘‘reversion'^ in seedling* black eiirr ants and in 
scion.es derived from them. Agric. & Hort. Ees. Sta. tJniv, of 
BristoL Rpt. 1935:58-“66, 1936. 

Studies were made on 2,500 seedlings. Eeversioii was found oa a 
few four year old plants but the majority remained healthy for six 
years. Some remained healthy for ten years. Systematic roguing gave 
good results but did not eliminate the disease. It is believed that in 
some eases the disease was latent for two years. There was no correla- 
tion of oecun-enee between reversion and big bud. 

Sreenivasaya, M[oiitnaliaIli] 

Infectivity of various tissues of ''spiked'^' sandal and studies in 
the resistance of sandal to spike’’ disease Pai't. I. Ind. 
Sci. Cong. Proc. (Calcuta) 17:313, 1930. 

Stanley, W[eiidell] M[eredith] 

(Chemical studies on the virus of tobacco mosaic. VII — An im- 
proved method for the preparation of crystalline tobacco mo- 
saic-virus protein. Journ, Biol. Chem. 115(3) : 677-678, 1936. 

This is a description of a method in which the author used ammo- 
nium sulfate, eelite and calcium oxide. The yield of the crude twice 
precipitated globulum was increased to about 80 percent. 


Krystaliinziertes Tabakmosaikvirus-Protein. (Crystalline tobacco- 
mosaic virus protein.) Chemiker-Zetg. 60:778, 1936. 

A note. 


Crystalline tobacco-mosaic virus protein. Amer. Journ. Bat. 
24(2) : 59-68, 1937. 

This is a summary and discussion of all the work of the author on 
this subject. The virus is protein in nature; the size of the molecule 
lies between the previously recorded values for tobacco mosaic virus. 
This crystalline protein could not be found in normal plants. The 
product from Burley tobacco in England is the same as the author 
found in the United States. It is possible that this protein may be 
inert and the carrier of the very small amount of an active virus agent. 
As a result of these studies it appear possible that protein molecules 
may be listed with living organisms. 


A comparative study of some effects of several different viruses 
on Turkish tobacco plants. Phytopathology 27(12) :1152- 
1160, 1937. 

The author summarizes his results as follows: ‘‘Tobacco-mosaic, 
aueuba-mosaic, masked-tobacco-mosaie, green- or yellow cucumber-mosaic, 
severe-eteh, tobaceo-ring-spot, and latent-mosaic viruses, when inoculated 
to small, medium-size, or large Turkish tobacco plants, stunt the growth 
of the plants. Tobacco and aueuba-mosaic viruses stimulate protein me- 
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tabolism, however, so that, even though the growth of the plants is 
stunted, the total protein produced by the diseased plants is greater 
than that of normal plants. All of the other viruses studied caused a 
decrease in the total protein produced by the plants. Although severe 
symptoms and an increased protein content were characteristic of the 
tobacco and aucuba-mosaie diseases, there appeared, in general, to be 
no direct correlation between the protein content of the diseased plants 
and the severity of the disease symptoms. The first extracts of frozen 
macerated plants were found to contain from 80 to 90 per cent of the 
extractable protein nitrogen in the plants. The extracts of plants diS' 
eased with tobacco-or aucuba- mosaic viruses were found to contain 2 
or 3 times more protein nitrogen than the extracts of normal plants. 
This increase in protein nitrogen was found to be due to the production 
in diseased plants of large amounts of high molecular weight virus pro- 
tein. The relationship between virus protein and intracellular crystal- 
line deposits is discussed. 


Isolation and properties of virus proteins. Brgebuirse Phys. 
Biol. Chem. Exp. Phar. 39:294-347, 1937. 

A very thorough and comprehensive review of the subject including a 
discussion as to whether the viruses may be low types of living or- 
ganisms. 


Some bioehemieal investigations on the crystalline tobacco-nao- 
saic virus proteins. Amer. Phil. Soc. Proe. 77(4) : 447--4:53, 
1937. 

This paper is a suuimary of the biochemical and serological studies 
of virus proteins. He says: ^ -It is felt that the results fully justify 
the conclusion, for the present at least that this unusual high mole- 
cular weight protein is actually tobacco-mosaic virus. * ^ 


Virus proteins. A new group of macromolecules. Journ. Phys. 
Chem. 42 (1) : 55-70, 1937. 

The author discusses the nature of viruses and gives the results of 
experimental studies. He says: /‘Despite its tremendous size, tobacco 
mosaic virus protein has many of the ordinary properties of molecules. 
In addition, however, it possesses virus properties which includes the 
ability to reproduce and to mutate specificity of action with respect to 
host, and the ability to induce immunity. Several virus proteins, some 
from other plant diseases and some from animal and bacterial diseases, 
some larger and some smaller than tobacco mosaic virus protein, have 
been isolated and are now under investigation in various laboratories. 
The virus proteins thus represent a new group of macromolecules which 
are considerably larger than those of any group of proteins hitherto 
described. Because of its tremendous size, the air-driven quantity cen- 
trifuge and the ultra-centrifuge are peculiarly adapted to the isola- 
tion and study of the virus proteins. Since the virus protein possesses 
virus activity and certain properties eharaeteristies of organisms, as 
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well as tli6 properties of niolecnlesj any attempt at this time to classify 
tlieiii definitely as molecules or as organisms should be one solely of 
convenience. However, their characterization as molecules is providing 
a new experimental approach to the general problem, of the nature of 
viruses. 


Cliemicai studies on tlie vims of tobacco mosaic. VIII- — -Tlic 

isolation of a crystalline protein possessing the properties of 
aucuba mosaic virus. Journ. Biol. Chein. 117 ( 1 ) : 325 - 340 , 
1937. 

The author reports the isolation of a crystalline protein which has 
the properties of aucuba mosaic virus. Its activities are the same or 
very similar to the activities of tobacco mosaic-virus but the crystals 
are larger, the solutions more silky and opalescent and its solubility 
lower. He believes that two different strains of a virus give rise to 
two different proteins. 


Chemical studies on virus of tobacco mosaic. IX— Correlation 
of vims activity and protein on centrifugation or protein from 
solution under various conditions. Journ. Biol. Chem, 117(2) : 
755-770, 1937. 

The results demonstrated that in solution at different hydrogen ion 
concentration and in the presence of other proteins the virus activity 
remains "with the high molecular weight, protein and is evidence, there- 
fore, that the virus activity is a specific property of the high mole- 
cular weight protein.^’ 


Chemical studies on the virus of tobacco mosaic, X — The activity 
and yield of virus protein from plants diseased for different 
periods of time. Journ. Biol. Chem. 117(1) : 205-217, 1937. 

These studies are summarized as follows: The increase of tobacco 
mosaic virus protein in Turkish tobacco plants has been determined by 
isolating the virus protein in plants diseased for different periods of 
time. The efficiency of the isolation technique was determined by isolat- 
ing virus protein from artificially prepared mixtures contaming known 
amounts of virus protein. It was found that about 40 per cent of the 
virus protein can be isolated from plants containing only about 1 part 
of virus protein per 100,000 parts of plant material. Virus protein 
in Turkish tobacco plants was found to increase from an estimated 10 
mg. per gm. of plant material to about 3 mg. per gm, of plant mate- 
rial during the course of 5 weeks. Virus protein in inoculated leaves, 
was estimated to increase over a million times during a 4 days period. 
Although the virus protein content was found to reach a maximum 5 
weeks after inoculation, the rate of increase was found to be greatest 
during the first 3 weeks. The total nitrogen content of extracts of 
diseased plants was found to remain about constant over long periods 
of time, whereas the protein nitrogen content was found to increase and, 
re^h a maximum and then to decrease. The amount of low molecular 
weight protein wms found to decrease as the amount of the virus pro- 
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teiii increased. No significant difference was found in the virus ac- 
tivity of protein obtained from plants that had been infected for from 
2 to 13 weeks, altliougli that of protein obtained from plants infected 
for only 1 week was significantly less. 


The inactivation ■ of crystalline . tobacco-mosaic virus protein. 
Science 83(2165) : 626-627, 1936. 

The author refers to his previous work and says: has now been 

found that treatment of this active protein with hydrogen peroxide, 
formaldehyde, nitrous acid or ultra-violet light produces inactive native 
proteins that, although slightly altered, retain certain chemical and 
serological properties characteristic of the virus |)roteln. 

He follows a description of these studies with this statements: ^^As 
a whole, the preliminary results indicate that only slight changes occur' 
in the protein molecules on inactivation by the four methods mentioned. 
Although there is always a possibility, as with any apparently pure 
substance, that the crystalline tobacco mosaic virus protein may con- 
sist of twcT closely related components, one active and the other inactive, 
the available evidence indicates that the virus activity is a specific 
property of this high molecular weight protein. It appears likely, 
therefore, that the slight changes in the protein, which result from 
treatment with formaldehyde, hydrogen peroxide, nitrous acid or iiltra- 
violet light, cause it to loose its ability to infect susceptible plants. * ’ 


Some biochemical investigations on the crystalline tobacco-mosaic 
virus proteins. Proc. Amer. Phytopathological Soc. (Abstract) 
77(4) : 447-453, 1937. 

& Wyckoff, Ealph W[alter] Gr[raystoiie] 

The isolation of tobacco ring spot and other virus proteins by 
ultracentrifugation. Science 85(2198) : 181-183, 1937. 

The authors report the isolation of a high molecular weight crystal- 
line protein, possessing properties of ring spot virus but different from 
tobacco mosaic virus protein. They used the ultracentrifuge method. 

Stevens, N[eil] E[verett] 

More about false blosson. Nat. Cranberry Mag. 2(12) : 5-6, 
1938..' ■ 

Stevenson, J[ohn] .4[lbert] 

Further notes on the distribution of the witches’ broom of black 
locust, U.S.D.A. Plant Disease Rept 22(9): 148, 1938. 

Stoddard, E. M. 

Progress report of the disease of peach. Proc. Connecticut 

1936.."":- 

Appears to be a new virus disease. 
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Stone, Winona E[myle] 

Growth, elxemical composition, and efficiency of normal and mo- 
saic potato plants in the field, Joiirn. Agric. Ees. 52(4): 
295-309, 1936. 

Mosaic potato plants lengthen more slowly and produce more leaves 
of less surface than normal plants. The total leaf surface is greater 
in the normal plants. The green weight per area is less in diseased, 
than in normal plants, but the dry weight in diseased plants was greater 
per unit area than in the normal plants. 

storey, H[arold] H[aydoii] 

Report of the Plant Pathologist. East Afric. Agrie. Res. Sta., 
x\nn. Rpt. 1935 11-14, 1936. 

• The author reports two types of cassava mosaic, severe yellow mo- 

sale, and extreme leaf distortion. 


Virus cliseaises of East African Plants. IV-VI. East African 
Agr.c. Jouni. 1(4); 333-337 (6) : 471-475, 1936. 2(1) : 34- 
39, 1936. 


A continuation of a series of popular papers, 
streak of maize and diseases of cassava. 


Popular discussion of 


A new virus of maize transmitted by CicadiUi/m kSD. Ami. Appl. 

^ Biol. 24(1) : 87-94/ 1937. 

A description of a new disease which is transmitted by OieaduUna 
mhila. 

Stubbs, M[erl] W. 

Vicoscs of the garden pea, Pmrm safi' WTO. Phytopathologv (Ab- 
stract) 26(1): 108-109, 1936. 


Certain viroses of the garden pea {Pimm sativwm). Phyto- 
pathology 27(3) : 242-267, 1937. 

A study of pea-mosaic viruses and tobaeeo ring spot virus. Om 
mosaic virus was found to be distinet and designated as pea virus I. 
It causes enation pea moggie. Three other pea mosaic viruses were 
found to be strains of a single virus and designated as pea virus-2. 
A causing marble pea mosaic, pea virus 2-B causing speckle pea mo- 
saie and pea virus 2-C causing mild pea mosaic. Tobacco ring spot 
virus was also described. All the pea-mosaic viruses studied were trans- 
mitted by Macrosiphum pisi and by extracted juice when carborun- 
drum was used for making inoctaations. 34 varieties of peas were 
found to be more or less su^eptible to pea virus 1 and tobacco ring 
spot virus. Six varieties were not susceptible to the strains of pea 
mrus 2. Pea virus I was inactivated by a dilution of 1 to 300 and 
4 days aging m mtw. Peas and sweet peas;=.were rtpOfted as new 
hosts of tobacco ring-spot virus. It is proWble jntioaaic may 

be caused by other vitui^. ■; . ■ v ‘■'■7 J ■ ^ 
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Subrahmanyan, V. 

Investigations on the spike disease of sandal I-IV. Bangalor, 
1931-32. Indian Inst, Sci. 1933. 

Summers, E[aton] M[elroy] 

An investigation of types or strains of the mosaic virus of sugar 
cane in Louisiana, Iowa State Journ. Sei. 11 ( 1 ) : 118— 120 , 
1936. 

The author refers to four strains previously described and then gives 
evidence indicating the existence of other strains. (This paper is an 
abstract of a doctorate thesis.) 

Swarbrick, T., & Thompson, 0. E. 

Observations upon the incidence of '‘Reversion” and the eontrol 
of ' ' Big Bnd ’ ’ in Black Currants. Long Ashton Res. Sta. Ann. 
Rpt. 1931, p, 101, 1931. 

& Berry, W. E. 

Further observations on the incidence and spread of reversion 
and big bud in black currants. Univ. Bristol Ann. Rpt. Agric. 
& Hort. Res. Sta. p. 124-232, 1936. 

A study of the spread of the disease. The evidence indicates that 
the big bud mite is an important factor but there may be other agen- 
cies. 

S'wartele, A. A. 

Bestaat or eeii verband turechen het voorkomen van “black 
heart” en het obtreden van virusziekten bij den aardappel? 
(Does a causal relation exist between the oecurrenee of black 
heart, and of virus diseases of the potato!) Plantenziekten 
42(9) : 241-252, 1936. 

The author has not been able to detect any relation between blaeh 
lieart and virus diseases. 


Onderzoek van Ziekteversehijnselen bij Pragaria. (Research 
work on degeneration diseases of strawberries.) Agriculture 
(Louvain) 41(1) : 1-10, 1938. 

TakahasM, William N[oborti], & Rawlins T[hoinas] E[lsworth] 

^ double refraction of preparations of crystalline tobaeco- 

inosaie protein. Science 85(2195) : 103-104, 1937. 

This is a continuation of previous work by these authors- They 
protein according to Stanley ^s method and say: the 

crystal preparations are pure these results indicate that a significant 
portion of the virus in the crystals has become inactive during the 
purification process and that this inactivation is greatest in the '^0^^ 
preparations. ’ ^ 

^'rasap,; -H., & Ikeno S. ; 

(On the mosaic disease of lilies.) Ann. Phytopath. Soc. Japan 

: :V^- -ySiM, 1934. ; *' • 1 
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TaEbeHiiaiis, J[acob] J[osepli ]5 & Alstatt, (l[eorge] E. ^ 

Texas Agrieultiiral Experinient Station Finn. Rpt. 49 : 96., 1936. 

A record of several new Eosts for spotted wilt of tomato and eiiiiy top 
of sugar beet. 

— , .j 

Ciiiiv top of spinach in Texas. U.S.D.A. Plant Disease Rept. 

. 21(1): 2p 1937. 

This disease was very severe in five counties. The insect vector 
(Miiiettis; tenellus) was found. 

Taylor, C. F. 

’The incidence of yellow dwarf in potato varieties. Aiiier, Potato 
Joiini. 15(2): 37-40, 1938. 

Taylor, G. G., & Chamberlam, E[dward] E[diiiboroiigh] 

Spotted-wilt on tobacco. New Zealand Agrie. Joiirii. 54(5) : 278- 
283, 1937. ^ 

Teng, S. 0. 

The cyrtosis of cotton. Sinensia, Nanking 7(1); 63-79, 1936. 

This disease which has been attributed to a virus is believed to be 
caused by a leafhopper {Chlorita higuttula Mats.) 

Thilliard, E. 

Bestrijding der kriil-en kroepoek-ziekte van tabak. Meded. 
Proefst. Vorstenl. Tabak (Java) 78, 18 p., 1934. 

Thomas, H[arvey] E[arl] & Hildebraiid, F[raiik] M[errill] 

A virus disease of prune. Phytopathology 26(12) : 1145-1148, 
1936. 

A description of a virus disease that appears to be new. 

Apple mosaic. Hilgardia 10(14) : 581-588, 1937. 

It appears that an infectious variegation of apple foliage was re* 
ported from France by Yibert in 1835. The author describes the 
symptoms in California and reports transmission to several plants. 
Efforts to control by heat were partially successful. 

Thomberry, H. H., Vallean, W[illiani] DFornay], & Johnson, 
E[dward] :M[arsliall] 

, ,, Inactivation of tobaceo-mosaie. virus in .cured tobacco leaves by 
dry heat. Phytopathology 28(2) : 129-134, 1938. 

This is a study of the resistance of the yellow, green and burning 
strains of tobacco mosaic to heat. All three show a similarity An cure 
tobacco. At 70° C, all strains were infectious after treatment for 60 
hours. The writers give m.ueh data; with discussion and statf that th6: 
virus is inactivated at 150° 0. (302° E.) in 0.5 of an hour. 
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Crystailizatioii of tobacco-mosaic virus protein. Science 87 
(2248) : 91-92, 1938. 

The author describes a ■ method of crystallization and refers to the 
work of Bawden and Pirie in England and of Stanley in the United 
States.- He also said: Tobacco juice from healthy plants when 

treated in a similar manner failed to develop any evidence of crystal- 
line protein. The precipitate that formed, ivas composed of amorphous 
material as far as could be determined microscopically/^ 

Thorntoii, J. K. 

Key to virus and non- virus diseases of- potatoes. Peiiiisyivania 
State Parmer n. s. 2(9) : 390-391, 1937. 

Tilling, T. H. 

(Infective principle and plant cell in some virus diseases of tlie 
tobacco plants.) I. Haiideling van liet zesde NederL Ind. 
Natiiiirwetenscliappelijk Congres, 22-26 September, 1931, Bam 
doeg, Java, 1931. 


(The curl and crinkle diseases of tobacco and causes of their 
dissemination.) Meded. Proefst. Vorstenl. Tabak, Java 72: 
51-52, 1931. 


Smetslof en planteneel bij enkole virusziekten vande tabakspeant, 
III. (Infective principle and plant cell in some virus diseases 
of the tobacco plant III.) Tijdsehr. Plantenziekten 43(1) : 11- 
32, 1937. 

The author treats of immunity studies in which he used the viruses 
of ordinary tobacco mosaic, white mosaic, severe mosaic, ring spot ne- 
crosis, Vorstenlanden distorting strain I and Hohher distorting strain. 
These studies indicated four types of antagonism: (a) equilibrium, (h) 
domination, (e) regulable equilibrium and (d) partial over-weighting. 

Tims E[ugeiie] C[hapel], Mills, P[ercy] J[osepli3, & Edgerton, 
C[latide] WEilbur] 

Studies on sugarcane mosaic in Louisiana. Louisiana Agrie. 
Expt Sta. Bull. 263, 39 p., 1935. 

Account of studies and observations of mosaic disease on different hosts 
are definite and constantly occur. These are l^ing called the green or 
varieties. Two distinct mosaic types characterized by symptoms which 
mild mosaic and the yellow or severe mosaic. Losses in yield are given^ 
being greater in the case of yellow mosaic. 

Toit, T. ' J. du 

Viruses. South African Journ. Sen 32: 696-705, 1935. ■ ■■ 

ToisapMus, ©[hristian] M[ilton] ■ 

A transmissible mosaic - disease of cauliflower. Journ. Agric. 
Res. 55(1) : 33-46,: 1937.;-;,::; .y;. \ 

A description of a disease of a previously undescribed virus. The 

^ ^ ^ Brevicoryne ’brassicae^ Bhopalosiplium pseudo-- 
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'b'y(issic€ie and Mysus persicue* The virus will reitnain active in vitfO 
for 14 to 15 clays at 20®G. It is inactivated at about 75®C. The dUn- 
tion of 1-2000 is active. It attacks many plants. 

,, CS-ardner Max W[illiam], & Thomas, H. Rex. 

Black ring, a virosis of cabbage and other crucifers. Phyto- 
pathology (Abstract) 27(9) : 955-956, 1937. 

A description of the disease. Transmitted by rubbing and by the 
green peach aphid. Inactivated by 59 °0. for ten minutes and by 
days at 22 °C. and by dilution of 1 to 1,000. Attacks all commercial 
varieties of cabbage. Infections W'ere obtained on rhubarb, Chenopo- 
dki 7 n album, C. murale, spinach, Stellaria media, Brassioa arven^is, kale,, 
brussels sprouts, cauliflower, broccoli, kohlrabi, rutabaga, turnip, wall 
flower, annual and Brompton stock, dames violet, Virginia stock, water 
cress, honesty, Chinese radish, Turkish and white Burley tobacco and 
Nicotiana ghithiosa. It is similar to ring spot disease of cabbage de- 
scribed by K. M. S'mith in England in 1935. 

Topekha, E. F. 

(The biochemistry of virus diseased potatoes.) Bull. AppL Bot. 
Select. 3(14): 53-67, 1936. (Ber. Wiss. Biol. (Abstract) 46:: 
3-4, 216, 1937.) 

Tower, J. D, 

'Sugar beet experiments, 1901. Michigan Agric. Expt. Sta. BulL. 
197:138-140, 1902. 

The disease referred to in this paper and supposed to be due to bac- 
teria ivas probably a virus disease recently described by Coons and' 
others as ‘ ^ savoy 

Trochain, J. 

: Les conditions de la vegetation au Senegal., Le /‘gana’’ de- 
Ihiracliide. (Yegetation conditions in Senegal. Tlie ^'^gana’*' 
of the peanut.) Bull, So.e. Nat. d’AccIim. Pa.ris. 81 f 7): 302— 
...312, 1934. 

Trotter, A[Iessaiiciro] 

riteriori osservazioni sulle 'Sdrosi” del (kstrum pa^rqui L TI^r. 
(Purtlier observations on virus diseases of Gesfruni parqm 
LTIer.) Ric. Assoc. Divulg. Fitopat, Camapia ed Mezzo- 
giorus (Portici) 5:61-64, 1936. (R, Obs. .Reg. Fitopat. 

Portici, 4 p., 1936.) 

A confirmation of previous ^vovk on this disease on this host. 


II ‘ * verderame ” de tabacchi' in cura. (Verderame of curing’ 
tobacco.) Boll, Tec.:, Tab.733(2');: 67-72, 1936.::4 

Description of a spotting in curing tobacco which is believed to b© 
.due to .mosaic. . 
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La ‘ ^ maeulazione acl anello’’ nelle foglie del tabacco. (Eing 
spot of tobacco leaves.) Boll. Tee. Tab. 34(1) : 51-60, 1937, 

The disease has been found in Seafati (Salermo), Italy. The author 
gives a review of the subject, 

Troy, Zeliaette 

Aster yellows and its control. Contr. Boyce Thompson Inst. 
1(28): 262-266, 1935. 

Tschernyschev, 0. 

(Prophylaxis and therapy in fighting virus diseases of potato.) 
Arb. Wiss. Forsch-Unst. Kart. — Wirtsh. Aloseow 4:52-58, 
1935. 

Tucker, J. 

The value of seed potato certification to the potato industry. 
Amer. Potato Joiirn. 14(2) : 39-45, 1937. 

Gives percentage on diseases including leafroll and mosaic. 

Turner, A. D. 

‘'Red plant disease of strawberry. Serious problem in the 
South. Fruit Grower 55(1436) : 971-972, 1923. 

Popular. 

Turner, W[illiam] F, 

Phony peach disease control is promoted by destroying wild 
peach trees. U.S.D.A. Yearbook p. 275-277, 1935. 

¥alleau, W[illiam] D[oriiay] 

Do tobacco plants recover from, and develop iiniiiunity to ring- 
spot! Kentuckv Agrie. Expt. Sta. Res. Bull. 360:181-191, 
1935. 

The author gives a review of the subject and the results of Ms own 
studies which lead Min to differ in his opinion from other workers. 
His ideas are summarized by the following extract: a tobacco 

plant already affected by one strain of the tobacco mosaic virus fails 
to develop symptoms when inoculated with another strain, it ean hardly 
be considered as evidence of an acquired immunity, but may simply be 
proof that cells already affected by this virus cannot be affected by 
more of the same kind of virus, even tho it is of another strain . . . . . 
It appears better, for the time being, to speak of protection afforded 
by one strain of "cirus against a more injurious strain, bearing in mind 
the practical application, rather than to speak of an acquired immunity 
in the sense in which this term is used in animal and human pathology. ^ ^ 


Localizatioii and resistance to tobacco mosaic, in NicotiancL 
Kentucky Agrie. Expt. Sta. Res. Bull. 360:202-230, 1935. 

The aiitlior gives the results of his studies with discussion and con- 
cludes: ^^Necrotic-spotting is therefore, merely an index to the degree 
of sensitivity of the plant to the virus. If the term ^ localization 
is to be use<l, it should be reserved for particular instances of necrotic 
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spottm.o' where the virus is confined ■ or localized within the inoeulated 
leaf, but should not be used -as a term to indicate local necrotic spot™ 
ting. "With our present varieties of tobacco, localization cannot b© eX" 
peeted to be of value in the control of tobacco iiiosaie, because the 
common ' strains of tobacco mosaic are non-neerotie-spottiiig strains. 
Two types of resistance to the tobacco-mosaic viruses may be recognized 
in Nicotiana tahaeiwi; one in which certain strains of the virus are 
sometimes prevented from cansing systemic infection by a liigh degree 
of sensitivity of invaded cells, with localization in inoculated leaves^ 
and another of the type of resistance shown by Ainbalema to non- 
neerotie strains of the virns, in which the virus is inhibited from en- 
tering the young tissues of the plant. Failure of the tobacco-mosaic 
virus to enter seeds may be the results of inability of the virus to 
invade meristematie tissue. The suggestion is made that plants wdiich 
are most highly sensitive to a virus (necrotic-spotting species or va- 
rieties) are those in which the virus multiplies most rapidly (N. gluti* 
msa^ for instance), and those least sensitive are those in which the 
virus finds the poorest medium for multiplication (ilmbalema, for exam- 
ple.) Transfer of resistance of xlmbalema, either with or without ne- 
crotic spotting, to our tobaccos, should prove a satisfactory and prac- 
tical solution of the tobacco-mosaic problem. 

, & Johnson, E[dward] M[arshall] 

Burning and non-burning strains of tobacco mosaic. Kentucky 
Agrie. Expt. Sta. Res. Bull. 361:233-238, 1935. 

These studies show that some strains of mosaic cause burning while 
others do not 5 that some varieties are more susceptible than others and 
that the number of burned leaves varied on different plants. The au- 
thors say: Mosaic bum is evidently an invasion symptom as it ap- 

pears to be limited almost entirely to tissues young enough to be in- 
vaded rapidly by the virus, but does not occur on leaves which have 
completed growth at the time of inoculation or in leaves produced 
subsequently to the appearance of mosaic symptoms in the growing 
point. The leaves which burned were only partially developed at the 
time of inoculation but old enough so that mosaic piattems did not 
develop in them. 

& Johnson, E[dward] M[arshall] 

Tobacco disease.s. Kentucky Agrie. Expt. Sta. Bull. 362:62, 
1936. 

Description of many virus diseases. 


A mosaic disease of peach in Kentucky. U.S.D.A. Plant Disease 
Kept. 20(12) : 199, 1936. 

A brief note recording this disease. 

& Johnson, E[dwa3rd] M[arshall] 

Tobacco mosaic source of infection and control. Kentucky Agrie. 
Expt. Sta. Bull. 376 : 223-262, 1937. 

The authors give a large amount of data showing that tobacco mo- 

, saie. can be eontroled. . . ' 
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Kentucky Agricultural Experiment Station Ann. Bpt. for tlie 
year 1936. Part I. 49:63, 1937. 

This report contains records on tobacco mosaic and crossing of Am- 
balenia with White Burley for the control of mosaic. 

, & Diachiin, Stephen 

Tests of strains of tobacco mosaic virus with Chester’s field test, 
U.S.D.A. Plant Disease Rept 22(5): 77-81, 1938. 

The authors conclude by saying: While this test gave positive re- 

sults with most of the strains of tobacco mosaic tested, it cannot be 
considered as accurate a method for identifying viruses, which are now 
classed as common or ordinary field mosaic, as the drying testP’ 

Yaradaraja Iyengar, A. Y. 

Infliienee of spike disease on the mineral metabolism of sandal. 
Current Sci. 6(6) : 278-279, 1937, 

The calcium content is less and the nitrogen greater in healthy tha:n 
in diseased plants. 


Contributions to the study of spike disease of sandal {Sant alum 
album Linn.) Part XVII, Some factors relating to the ab- 
normal aeeiiiniilation of carbohydrates in diseased tissues. 
Journ, Indian Inst. Sei. 20 A (1) :1-14, 1937. 

A chemical study. 

Vargas, M. J. 

Informe del Profesor Carlos E. Chardoii sobre el mosaico de la 
eana de azuear. (Report of Prof. Carlos E. Chardon on sugar 
cane mosaic.) Agrieultura (Bogota) 9(6) : 107-120, 1937, 

Ei mosaico de la eana de aziicar. (Sugar cane mosaic.) Agri- 
eiiltura (Bogota) 9(6) : 121-125, 1937. 

Venkata Eao, M. 6. 

The role of undergro'^vtli in the spread of spike disease of sandal. 
Mysore Sandal Spike Invest. Comm., Bull. 6, 18 p., 1934. 

Vidal, L. F. 

El mosaico de la eana de azuear. (Sugar cane mosaic). Rev, 
Agrie. (Dominican Rep.) 28(89) : 55-58, (90) : 133-135, (91) : 

, 189-195, 1937. . . 

A report on the disease and the control by sanitation and resistant 
■ 'warieties. 

Vigneatid, Vincent du 

The prize paper and its author. Science 85(2197) : 132-133, 

• :' 1937 ...^;'; 

A brief review of Dr. W. M. Stanley’s paper for which he was 
awarded the American Association for the Advancement of Science ’’s 
prize. Als® a brief sketch of i)r. Stanley’s life. 
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Yinodradova, E. I. 

Ozimais pslienitas ^^moskovskaia^’. laroviz. Zhurn. Biol. Razv. 
East. p. 25-30, 1936. 

TinsoB, C[arl] ^[eorge] 

Yirus diseases of plants. Purifieation of the virus of mosaic 
disease of tobacco. Missouri Agrie. Expt. Sta. Res. Bull. 237^ 

' 16 p., 1936. 

TLe autlior used about 12,000 plants in these studies. Precipitation 
of the Yirus was practically completed by coixeentrations of safranin. 
About 10 mg. of nitrogen, was obtained from 500 cc of juice of mo- 
saic of tobacco plants by the use of lead acetate. Practically no ni- 
trogen was found in the juice of healthy plants. 


P^iirtlier work on purification of tobacco mosaic virus. Pliyto- 
pathology (Abstract) 28(1) : 23, 1938. 

'Vohme, R. W. 

Das Vorkominen von Virosen auf dem Dalilemer Versuchsfelde. 
(The occurrence of viruses in the Dahlem experimental fields.) 
Arb. Biol. Reichsanst. 21(1): 1-58, 1934. 

'Vuillet, J. A. 

A propos de la rosette de Paraehide: controle des pucerons par 
les insects auxiiiaires. (On peanut rosette.* control of aphids 
by means of beneficial insects.) Rev. Bot. Appl. d'Agr. Trop. 
(Paris) Bull. 149(14) : 8-12, 1934. 

Wada, E., Ftikana, H, 

(On the difference of X-bodies in green and yellow mosaic of 
wheat Agrie. & Hort. (Japan) 9(6): 1778, 1790, 1934. 

... , & 

On the difference and discrimination of wheat mosaic in Japan. 
Joimi. Imp. Agric. Expt Sta. 3(1): 93-128, 1937. 

A report of studies in which they found green and yellow mosaic, 

Wade, Carrol W. 

Peach mosaic disease in Colorado. Jouni. Eeon. Ent. 30(6): 
902-904, 1937. 

A brief description of the disease and methods of control, 

WaMmann, 0 . . 

Piitrierbares Yirus als Krankheitserreger bei Mensch, Tier und 
Pflanze. Chemiker-Zeitg. 60: 824-825, 1936. 

Walker, Jfolin] C[liarles], & Larson, R. H. 

Increasing importance of cabbage mosaic. Phytopathology 27 
(2) : 142, 1937. 

The authors described the symptoms and discussed the importance 
of this disease. 
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, & 

Soil temperature in relation to potato yellow dwarf. Phyto- 
patliology (Abstract) 28(1): 21, 1938. 

Walton, 0. L. 

The control of aphids attacking sprouting potatoes. Journ. 
Min. Agric. 30: 1-4, 1923. 

Wardlaw, C. W., & McGuire, L. P. 

Culti\'ation and diseases of the banana in Brazil. Trop. Agric. 
(Trinidad) 10(7) : 192-197, (8) : 211-217, (9): 255-259, 1933. 

The authors describe a disease -vvliieh has symptoms of a virus. 


Banana diseases VIII. Notes of various diseases occurring in 
Trinidad. Trop. Agric. (Trinidad) 11(6) : 143-14:9, 1934. 

Contains a description of a mottling disease which may be due to 
a virus. 


Diseases of the l3anana and the Manila hemp plant. A book of 
615 p., 1937. 

Contains descriptions of virus diseases. 

Ware, E. B. 

Peach yellows and title peach. Connecticut Bd. Agric. Spec. 
Rpt. 1896. 

At the time of this publication no author attributed this disturbance, 
to a virus. 

Wartenberg, H[aiis], Hey, A., & Tahsin, A. 

Untersuehungen iiber die Aziditat des Gewelbebreies der Kartof- 
felknolle. Die elektrometrische PflanzgutAvertbestinamung der 
Karto’ffelknolle. II. Mitteilung. (Studies on the acidity of 
the tissue emulsion of the potato tuber. The electrometric 
determination of the seed value of the potato tuber. (Note 

II. ) Arb. Biol. Reichsanst. Land-u, Porstu., Berk -Dahl, 21 

(4) . 499_516^ 1936. 

, & Lindau, G*. 

'tStudien liber die/^ Dehydrase-wirkungen^^ gesunder und abbau- 
kranker Kartoffelknollen, (Studies on the ^‘dehydrase reac- 
tion of locality and degenerate potato tuber.) Phytopath. 
Zeitehr. 9(3) : 297-324, 1936. 

The juices of degenerated potatoes undergo a more rapid clarifica- 
tion when treated with methylene blue solution than the juice from 
healthy potatoes. 

& Hey, A. . 

Das Redoxpotential de Gewebebreies der KartoffelknoHe. Die 
elektrometrische Pflanzgutwertbestimmung der Kartoffelknolle 

III. Mitteilung, (The oxidation-reduction potential of the 
pulped tissue of the potato tuber. The electrometric deter- 
mination of the seed value of the potato tuber. Note III.) 
maxda 25:258-281, 1936. 
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, & 

Die elektrometriselie Pflanzgiitwertbestimniiing’ der Iiartoffelk- 
nolle IV. Mitteilmig'. Das Redoxpotetial der ^Clewebebrei- 
aiifscblainjniing der Kartoffelknolle als Keiiiizifrer des Ab- 
baiises. (The electroeliemical determination of tlie seed value' 
of tile potato tuber. No. IV. The reduction-oxidation poten- 
tial of the pulped tissue of the potato tuber as the coefficient 
of degeneration.) Phytopath. Zeitsehr. 9(6) : 531-569, 1936. 


Ueber die Pitifenxng der Pressafte abbaukr anker und gesuiider 
Knolleii der Kartoffel. (On the buffering of the expressed 
juices of degeneration-diseased and sound potato tubers.) 
Phytopatli, Zeitschr. 10(1): 43-^56, 1937. 

A stndy of the electrometric method with juices. 

& Elinkowski, M. 

Eine ‘SJodp rebel’ ziir Pflanzgutwertbestinimiiiig der Kartoffel^ 
Vorlautige Mitteilung aus Untersncliugen. (An ^‘iodine test” 
of the value of potatoes for seed. Preliminary note on the 
investigations.) Pliytopath. Zeitschr. 10(1) : 107-109, 1937. 


Probieine der Porsehungen iiber den Abbau der Kartoffel I. 
Pflanzzeit der Pflanzgutbaiies und Pflanzgiit'vvert der Enite. 
(Problems involved in the investigation of degeneration of 
potato. I. Time of sowing in the production of seed mate- 
rial and the seed value of the crop.) Ziiehter 9(2): 35-40, 
1937. 

Experimental studies indicate that in Germany the degeneration (vi- 
rus) increase until sometime in June and July. Planting after that 
show less infections. 

Watson (Hamilton) M[arion] A. 

Field experiiiieiits on the eontroi of aphis-transmitted virus .dis- 
eases of EyoscyamuB mge7\ Ann. Appl Biol 24(3) : 557-573, 
1937. 

A solution of nicotine and soft soap was used. The best results 
ivere obtained by spraying at two weeks mten^als. The pereentage of 
infection was lower on the sprayed than on the unsprayed plots, There 
was no effect in jdeld on the first year gi’owth but a 30 percent in- 
crease in the third crop of the second year. 


Piirther studies in the relationship between Hyoscymnus vii’us 3 
and the aphid If persicae (Bnlz,) with special referenee 
to the effects of fasting. Proc. Eoy Soc, ser. B. 125(838): 
144-170, 1938. 

The pereentage of infection by Myi^s pBTsiccie was increased when 
the feeding on infected plants was preeeeded by fasting. The efficieney 
of the vector was increased by one hour of fasting but increased by 
longer periods. 
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Factors affecting the amount of infection obtained by aphis 
transmission of the virus Hy. III. Phil. Trans. Roy. Soc» 
Biol Sci. ser. B. 226(540) : 457-489, 1936. 

Tile autlior gives results of studies ou a number of insects and time 
of feeding. Myms yersieae can infect two plants in succession witli- 
out return to source of virus, but the number of second infections de- 
creases rapidly and is negligible after one bour. 

Weaver, T. 0. 

Eeeommends remedies to overcome chlorosis in roses. Flor. Bev. 
88(2012) : 9, 1936. 

Popular. 

Weij, H. G-. van der 

De bodeni als infeetiebron van Rotterdam B~ziekte. (The soil 
as a source of infection by Rotterdam B-disease.) Deli Proefst 
Medan, Sumatra Vlugschr. 61. 6 p., 1936. 

This is a very severe disease and is transmitted by tbe bands of 
tbe laborers. 


Ziekten der Tabak. Een Overzicht van den ziekten en plagen 
der Deli-Tabak in het jaar 1935. (Tobacco diseases. A survey 
of the diseases and pests of Deli Tobacco hr the year 1935.) 
Deli Proefst. Sumatra Meded. sei*. 2, 93 : 3-11, 1936. 

This paper contains several notes on mosaic (^^peb sim^O? Botter- 
dam-B, ^‘gilak/’ ring spot and ‘^daoon lidab’\ 

Weimer, J[ames] L[e Roy] 

Alfalfa dwarf, a virus disease transmissible by grafting. Joiirn. 
Agrie. Res. 53(5) : 333-347, 1936, 

The evidence in tbe paper indicates that this disease is due to a 
virus wbieb can be transmitted by grafting but not by juice inoculation 


Effect of the dwarf disease on the alfalfa plant. Journ. Agrie. 
Res. 55(2) : 87-104, 1937. 


The possibility of insect transmission of alfalfa dwarf. Phyto- 
pathology 27(6) : 697-702, 1937. 

Tbe spread of tbe disease suggests insect transmission. Plants pro- 
tected by cages did not contract the disease, while those growing out- 
side did contract it. Several species of insects in cages did not 
■ ' tranS'init. ' ■■ ■ ■ 

Wellington, R[ichard] 

Red plants in strawberries. Card. Cbron. 67(1744) ;269, 1920. 

' Popular. , ■■■ 
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Wellnian, F. L. 

Control of soiitliern celery mosaic in Florida by removing* weeds 
that serve as sources of mosaic infection. U.S.D.A. Tech. 
Bull. 548, 16 p., 1937. 

A brief but very complete discussion of this disease. A brief his- 
i ' toiy, description, host plants, sources of infection, means of transmis- 
sion and control. 

Wenk, H. 

Kartoffelzuehtungsfragen. I. Teiis: Standeiiaiislese mid Pflaiiz- 
giibaii bei Kartbffeln. (Potato breeding questions. Part I. 
Hill selection methods and seed production in potatoes.) 
Prackt. Pflaiizenb. 14(1): 2-13, 1936. 

The spread of virus diseases is believed to be influenced by the 
weather and varies with the abundance of the vector. 

Went, J. C. 

The infiiience of various chemicals on the inactivation of tobacco 
virus I. Phytopath. Zeitschr. 10(5) : 480-489, 1937. 

Studies were made with copper sulphate mercuric chloride and silver 
I nitrate. The inactivation depends on the dilution of the virus and 

time of exposure. 

Werjr, G. 

Snr la mosaique, maladie de la canne a sucre. (Mosaic, a disease 
of the sugar cane.) Compt. Rend. Acad. Agrie. France 17 
(22) : 739-743, 1931. 

West, J. 

Leaf curl of tobacco in Southern Nigeria. Trop. Agric. (Tri- 
nidad) 13(9): 242-244, 1936. 

This disease practically ruined the crop of Virginia tobacco in 1923. 
It is transmitted by Bemisia sp. 

Wheeler, E. J. ' 

Inoculation of potato seedlings with yellow dwarf virus. Amer. 
Potato Journ. 13(8): 220-222, 1936. 

The disease can be transmitted by grafting. 

■ Whipple, Otis 0. 

Spotted wilt of garden pea. Phytopathology 26(9) : 918-920? 

" 

^ was found on Biaum satwwn. Inoculations into tobacco, 

tomato, aster, nasturtium, Nicotiana g%%tmosa, Datum atramommm 
Emilia saggitccta produced the same symptoms. Thrips tahmi proved to 
be a vector. 

Stigmonose a disease of fruits. Phytopathology 4:402, 1914. 
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WMte,, Philip R. 

Survival of isolated tomato roots at snboptimal and siipraoptimal 
temperature. Plant Physiology 12(3) : 771-776, 1937. 


Separation from yeast of materials essential for growth of ex- 
cised tomato roots. Plant Physiology 12(3) : 777-791, 1937. 


Ammo acids in the nutrition of excised tomato roots. Plant 
Physiology 12(3) : 793-802, 1937. 


Vitamin Bi in the nutrition of excised tomato roots. Plant Phy- 
siology 12(3) : 803-811, 1937. 

All the above have a bearing on the growing of roots for virus. 

Whitehead T[atham] 

The virus problem in relation to seed potato production in North 
Wales. Sci. Hort. 5:39-46, 1937. 

A study of potato production with reference to virus diseases and 
their transmission by Myms persicae. 


Virus diseases of the potato. The carrier problem. Its relation 
to symtomatology and commercial potato growing. Ann. Appl. 
Biol. 24(2): 323-341, 1937. 

A study of carriers and the segregation of viruses. 

Wickens, G. M. 

A new and serious disease of tobacco in S. Rhodesia. Rhodesia 
Agric. Journ. 35(3) : 181-184, 1938. 

A preliminary paper on a disease that is transmitted by Mpzm per- 
sieae. It appears to be caused by a virus. 

Wilhelm, A. F. 

Die Gelbneekigkeit des Spinats. (Spinach mosaic.) Obst-u 
Gemii seb. 81:56-58, 1935. 

Wiles, D. R. D. . 

Report of Plant Disease Inspector for the year 1930-31. Bar- 
bados Dept. Sci. & Agric. Ann. Rpt. 1930-31 : 98-101, 1931, 

Contains some data on sugar cane mosaic. 


Eeport of the Plant Disease Inspector. Barbados Agric. Jonrn. 
6(2) : 83-88, 1937. 

A short discussion of sugar cane mosaic disease is included in this 
paper.: ■" 

WiU, J.'McG. 

Woodiness in passion vines. Queensland Agric. Journ. 47(5); 
501-502, 1937. 
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Williams, P. H. 

Some important diseases of glass house plants. Ann. xVppl. Biol. 
23(1) : 189-192, 1936. 

Wtnberg, 0. 

La pomme de terre et sa degenereseenee. (The potato and its 
degeneration.) Journ. Agrie. Bract, n. s. 56(2) ; 396-398, 1931. 

Wollner 

Ursachen uiid Verhutiiiig des Kartolfelabbaus. Woehenbl. Lan- 
desbaeriiseh. Haun 89:1674, 1936. 


Abbau und Herkimftswert bei Pflanzkartoffeln. Mitt. Land- 
wirtseh. 51:852-853, 1936. 

Wood, E. J. F. 

Some anatomical and evtological studies on Fiji disea.se of sugar 
cane. Proc. Koy. Soc. Tietoria 40(2) : 308-313, 1937. 

Wyckoff, E[alph] W[alter] G[raystone] 

Molecular sedimentation constants of tobacco mosaic virus pro- 
teins extracted from plants at intervals after inoculations. 
Journ. Biol. Chem. 112(1) : 219-224, 1934. 

Studies were made on the proteins isolated from tobacco plants which 
had been inoculated with ordinary mosaic virus for 1, 2, etc, up to 
13 weeks. 

, & Corey, Robert B. 

The iiltraceiitrifiigal crvstallization of tobacco mosaic. Science 
84(2188) : 513, 1936. 

The authors obtained a crystalline virus protein by ultracentrifugiiig 
the Juice of tobacco plants affected with mosaic disease, which is in- 
distinguishable from that obtained by the chemical methods, 

& 

X-ray diffraction patterns of erystaliiiie tobacco .mosaic proteins* 
Joiirn. Biol. Ciiem. 116(1) : 51-55, 1936. 

The authors summarized their work in part as follows; serie» 
of X-rays powder diffraction photographs has been made of crystalline 
tobacco mosaic virus proteins ..... No difference could be found 
in the patterns of the proteins of the ordinary and aucuba strains of 

^ ^ ^ ^ disease. Neither was there any alteration in the X-ray photo- 

graph after nine successive reexystallizations. Tobacco mosaic virus 
protein completely inactivated by means of ultraviolet irradiation and 
subsequent crystallizations gave a photograph having principal diffrac- 
tion lines that are the same as those of the active protein. 

& Stanley, Wlendell] M[eredith] 

An ultracentrifugal analysis of tbe crystalline virus protein 
isolated from plants diseased with different strains of tobacco 
mosaic virus. Journ. Biol Chem. 117(1) : 57-71, 1037. 

The conclusion is as follows: '‘From these observations it is ap- 
parent that a crystalline virus protein can be obtained directly by ul- 
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tracentrifuging* the juice of plants affected with the tobacco mosaic 
disease. The X-ray patterns of this crystalline material and of the 
protein prepared from the juice by chemical means are indistinguislia- 
ble; the two substances must therefore, be substantially identical. 

, & Lag“sdin, J. B. 

Improvements in the air-driven ultracentrifitge for molecule 
sedimentation. Eev. Sei. Instruments 8(3) : 74-77, 1937. 


Quantity ultracentrifngation with intense fields. Science 85 
(2207) : 390-391, 1937. 

A brief discussion of the apparatus and methods used in the con- 
centration of virus. 


Methode pour la preparation des proteines par 1 hiltraeentrifuga- 
tioii. (Method for the preparation of proteins by ultracen- 
trifugation.) Compt. Rend. Soc. Biol. (Paris) 125(14): 3-7, 
1937. 

A description of the methods used in the study of tobacco mosaic 
virus. The author traces the developments in the stndy of the tobacco 
mosaic virus and gives some observations on the virus causing infec- 
tious papilloma of the rabbit. 


Die Isolierung Hoehmolekularer eiweisstoife mit TJltrazentriguge. 
(The isolation of high-molecular proteins with the centrifuge.) 
Naturwissensehaften 25 : 481-483, 1937. 

A review of recent researches. 


An ultracentrifugal study of the pH stability of tobacco mo- 
saic virus protein. Journ. Biol. Chem. 122(1) : 239-247, 1937. 

The author summarizes the results of his work as follows : ^ * An 

ultraeentrifugal study has been made of the molecular stability of the 
tobacco mosaic virus protein in solutions at a series of pH value be- 
tween 1.5 and 11. On the alkaline side of the isoelectric point the 
molecules of the protein remain unchanged for at least two months at 
pH up to 8. Decomposition has oeeurred at pH 9 ; it is more rapid as 
the pH is raised and is practically instantaneous at pH 11. The split- 
products are smaller in the more alkaline solutions. On the acid side 
molecular changes begin between pH 1.8 and 1.5 j at pH 1.5 destruc- 
tion is complete within a few hours. 

The three virus protein samples nsed in these experiments were 
isolated by quantity ultracentrifngation and gave sharply sedimenting 
boundaries. One was double boundaried; the other two contained only 
one molecular component. Differences between these proteins were ob- 
served at pH values near the isoelectric point. 

In so far as different experimental conditions permit comparisons to 
be made, the effect of pH on infeetivity and molecular stability are 
parallel. This agrees with the assumption that infeetivity is a prop- 
erty of the protein molecules. 
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Tlie iiltraceiitrifugal purification and study of macromoleciilar 
; proteins. Science 86(2222) : 92-95, 1937. 

The ultraeentrifuge gives us a better method of studying viruses than 
the salting out method. The author discusses this method and its rela** 
tioii to the study of viruses. 


The ultraeentrifugal study of virus proteins. Amer. Phil. Soc. 
Proc. 77(4) : 455-462, 1937. 

‘UAii air ultraeentrifuge has been developed which is giving twofold 
help in the study of viruses- (1) Analytical rims with it, besides fur- 
nishing’ a measure of the size of the virus molecules, can tell whether 
a preparation is pure and what may be the molecular weight of its 
impurities, whether a virus consists of one molecular species or a 
family of related proteins, etc. (2) Buns in wliich large volumes are 
ultraeeiitrifiiges in fields sufficiently great to sediment any of the 
known viruses provide the basis for a method of preparing pure virus 
proteins without having recourse to chemical treatment. This method 
opens up the way to the study of viruses which, unlike that of the 
tobacco-mosaic disease, are relatively unstable or present in only small 
amounts. ’ ^ 

Yoiideii, .W. J. 

Use of incomplete block replications in estimating tobaeeo-niosaie 
virus. Contr. Boyce Tliompson .Inst. 9(1) : 41-48, 1937. 

A modification of the incomplete block described by Yates has been 
devised, the eorrfignration of which permits the construction of com- 
plete blocks of replicates without sacrificing the advantage of the in- 
complete blocks. The design has been used in studies of the infeetivity 
of solutions of crystalline tobaceo-mosaie virus on MeoUana glutinosa 
plants. The requisite computations for the application of the analysis 
of variance of the data are given. 


Dilution curve of tobacco movsaie virus, Contr. Bovce Thompsoii 
Inst. 9(1) : 49-58, 1937. 

Bata for 20 dilution series of tobacco-mosaic virus are given and 
show that in the neighborhood of 0.1 mg. of virus protein per ec. the 
\drus solutions may be diluted without a corresponding decrease in le- 
sions produced on the ot Nicotiam gluiinosa. There is con- 

siderable evidence that there may be an increase in infeetivity after 
moderate dilution. This was found to hold for two different sources* 
The method of complete blocks made possible the comparison of solu- 
tions that differed but little in concentration since consistent dilution 
curves were obtained with only nine gHtmosa plants using an arith- 
metical series of dilutions in place of the more common logarithmic 
series. 
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ZalesM, K._, & Tychanicz, M. 

Boklerie wewnetrzne ziemniaka i icli stosiinek do ciiopob wi- 
riisowych ziemniakow. (The internal bacteria of potatoes and 
their relation to virus diseases of the potatoes.) Eoezm. Naiik. 
Rolnicz. i Lesn 41(2) : 392--396, 1937. 

Zaumeyer, W[illia]ii] J., & Wade, B. L. 

Pea mosaic and its relation to other legume mosaic virus. Journ. 
Agric. Res. 53(3) : 161-185, 1936. 

Cross inoculation studies show that this virus attacks TrifoUum pra- 
tense, T. repens, T. hyhridum and Melilotu-s alha. The disease is most 
severe at the margin of the fields which indicates transmission from 
other hosts. It is believed that the pea and red clover viruses are 
identical. Studies were made on the influence of environmental con- 
ditions and on susceptible and resistant varieties. 


Pea streak and its relationship to strains of alfalfa mosaic* 
Phytopathology (Abstract) 27(2): 144, 1937. 

The author describes three strains of the virus. 

, & Wade, B. L. 

Varietal reaction of pea to pea-streak virus 1. Phytopathology 
27(10) : 1009-1013, 1937. 

Porty^seven varieties were tested and found to be susceptible. The 
work was conducted in a greenhouse and over a period of two years. 

Zeller, Samford M[yron], & Slate, G. L. 

Occurrence of English mosaic on red raspberry in Oregon. 
U.S.D.A. Plant Disease Rept. 20 : 123-125, 1936. 


Dwarf disease of the loganberry. Better Fruit 32(8) : 18, 1938. 

Popular. 

Zundel, G[eorge] L[oren 2 o Ingram] 

Yellows on various plants. U.S.D.A. Plant Disease Rept. 13: 
174, 1929. ' ' ' 
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Acroneerosis, potato — 272, 328. 
Acropetal necrosis — 350, 359. 

Air borne virus — 285, 370. 

Alfalfa-— 310, 355, 387. 

Altitude (see highlands) — 296, 298, 
332. 

Amarylis — 364. 

AnurapMs padi — 269. 

Aphides— 283, 339, 365, 366, 384, 385. 
Aphis— 296, 339, 350, 366, 386. 

Aphis amphorophora — 295, 362. 

Aphis fdbae — 262. 

Aphis gossypii — 286. 

Aphis maidis — 321. 

Aphis mbicola — 295. 

Aphis rumicis — 288, 350. 

Apple— 291, 341. 

bitter pit— 269, 298, 302, 326, 331, 
337, 378. 

blotchy core — 298. 

cork disease — 285, 291, 322, 331. 

mosaic — 378. 

water core — 312, 313. 

Arnchis hypogaea — 358, 384. 
mosaic^ — 352. 

rosette— 267, 280, 313, 333, 352, 
358, 384. 

Aster yellows — 330, 331, 381. 
Asteroid spot, peach— 292. 

Ascorbic acid, tobacco mosaic — 334. 
Attenuation^ — 331. 

Autocatalyst — ^298. 

Avocado — 352. 

Bacteria— 299, 300. 

Bacteriophage— 311, 312. 

Banana — ^(see Mvsa). 

Barley, stripe — 332. 

Bean see mosaic. 

Beet— 365, 366. 
blight— 263. 

"'cracked . skin— 351. ' 

' crinkle— 366. 
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curly top — 263, 266, 267, 274, 275, 
281, 286, 295, 307, 331, 341, 342, 
344, 354, 362, 366, 367, 368, 378. 
savoy— 269, 295, 309, 360, 362, 
364, 380. 

yellows, 297, 360, 361, 362, 365. 
Bemisia — 388. 

Bibliography — 351. 

Big bud. 

currant— 364, 366, 377. 
tobacco — 316. 
tomato — 368. 

Bitter pit — see apple. 

Black heart of potato — 377. 

Blotchy core- — 298. 

Bodies, intracellular, 271, 285, 301, 
308, 315, 317, 338, 343, 357, 368. 
384. 

Boron — 285. 

Brassica — 287. 

Brassioa arvensis — 380. 

Breaking. 

Dame rocket — 343. 
tulips — 343, 385. 

Breeding — 328, 366, 388. 

Bremcoryne hraaaicu— 287, 379. 

Brittle '‘root of horse radish — 325. 
Broom (see "Witches' broom). 
Browning of lupin — 328, 370. 
Browallia — -319. 

Bukett of potato — 350. 

Bunch of pecans — 293. 

Bunchy top— 265, 285, 341, 344, 348, 
365. 

Bushy stunt of tomato — 264, 

Cabbage (Brassiea), 
mosaic — 331, 384. 
ring spot — 380. 

Cancer — 360. 

^^Cadang", ^^cadana" of coconut — 
349.'' . 

Callistephus sinensis — 367. 
Capitophorus fragaefolii — 339, 340. 
Capsicum annuum bunchy top — 341. 
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Capskim fmteseens, mosaic — 282. 
Cassava mosaic — 309, 358, 376. 
Cauliflower mosaic — 3 7 9. 

Celery mosaic— 308, 351, 364, 388. 
Geiitrifage— 311, 312, 335, 342, 356, 
390, 392. 

Certification— 288, 310, 356, 381. 
Cestrum parqui — 380. 

Chemmthiis chevri mosaic — 280 . 
Cliemistry— 271, 279, 302, 334, 349, 
353, 374, 376. 
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Cliloroifiiylla.se. — 3 53 . 

Cliior oplas t s — 3 61. 

Chlorosis — 274, 303, 310, 348, 361, 364, 
387. 

Ch € n 0 podiu m at b a m — 380. 
Cdtenopodkim rmiraJe — 331, 380. 
Clierry— 297, 342, 348, 359. 

Chlorotic streak of sugar cane — 274. 
Cieadida sexnotata — 331 . 

Cl cadu Una m h Ua — 3 7 6 . 

Ciecr a rietin u m — 358. 

Citrus — 269, 280. 

psorosis— 298,. 302, 321, 359. 

. scaly bark— 302, 303, 321, 332.. 
Classification — 355, 356. 

Coconut, eadang cadaiia — 349. 

■Cofl'ee, phloem necrosis — 303. 

Clover— 320, 336, . 350, 354. 

Colza — 325. 

Cimmelina nadi flora — 286. 

C.o.iitrol— 267, 276, 278, 295, 297, 324, 
330, 336, 342, 345, 352, 354, 363, 
384 . * 

Cm*k disease— (see apxfie). 

Corn— 293, 338, 376. 

Cotton— 264, 268, 309, 333, 346, 368, 
.■'.■378. 

‘Klourt none”— 274, 282, 301, 306, 
343, 353, 359, 362. 

Cracked skin of beet — 351, 

Cranberry false blosson — 274, 298, 364, 

^ . .37-5. . ■ 

Crazy top of cotton — 319. 

Crinkle— 264, 268, 314, 324, 345 , 346 , 
3oo, 366, 3/9. 

OitieisinS' — 293. 

Crotalaria mosaic — 324. 

Crucifers— 287, .356, ,380. 
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Crystallization — 272, 276, 277, 278,. 
312, 332, 334, 357, 369, 372, 373, 
374, 377, 379, 390. 

Cucumber (see mosaic). 

Cucur bi taceae — 2 7 1 . 

Curl— 264 269, 283, 288, 302. 

Curly dwarf (see dwarf). 

Chirly top (see beets). 

other plants — 263, 275, 281, 296,. 
378. 

Currants— 264, 266, 272, 277, 297. 
Cyrtosis of cotton — 378. 

Cytology— 268, 299, 300, 303, 308, 316,. 
*317, ko, 338, 359, 364, 367, 378,. 
379. 

Dahlia — 376. 

Datura meteloifles — 346, 347. 

Datura stra monimn — 346 , 388. 
Degeneration — 3 6 1 , 385. 

potato— 274, 276, 281, 282, 283,, 
287, 296, 297, 298, 300, 304, 305, 
320, 321, 325, 326, 327, 328, 332, 
334, 335, 336, 344, 356, 358, 363^ 
365, 368, 385, 386, 390. 
strawberry — 264, 265, 275, 300,, 
338, 37*7. 
sugar cane — 338. 
vine — 283. 

Determination of viruses — 274, 290> 
330, 367. 

Dock {K'umex) chlorosis of — 310. 
Double refraction — 3 77. 

Dwarf— 264, 265, 266, 280, 297, 305, 
316, 336,' 343, 344, 350, 353, 355, 
355, 364, 378, 388, 393. . 

^ ^ Eisenfieckigheit ^ ’ of potato— 301, 
327, 352. 

Elctrophoresis — 302. 

Elm mosaic— 293, 

Emilia saggitata — 338. 

Empoasca /ahae— 355. 

Enation — 264,309. 

Environment— 276. 

Enzymes— 273, 279, 338, 

Epidermal cells, transmission by— 282f 
Eradication — 274, 295, 306. 

Erodkm cicuiari um — 3 3 1 . 

Erysi7nu7n cheiranthoides mosaic — 280. 
Escheridia coli — 300. 
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Mutettix temllus — 275, 304, 305, 354, 
378, 

False blossom — see cranberry. 

Fern leaf of tomato — 264, 308, 329, 

339. 

Fig mosaic — 264, 355. 

Fiji disease of cane — 274, 353, 390. 
Filtratioii~298, 316, 361. 

Flower malformation — 340. 

Flowers of potato — 93. 

Fluffy tip, of bops — 364. 

FranMinie I la ins ii lar is — 2 7 1 . 

Genes— 319, 329, 342, 346, 364. 
Genetics — 263. 

Geranium crinkle — 324, 355. 

G erkin mosaic — 2 8 2 . 

Gilflower mosaic — 308. 

Gloxinia— 312, 364. 

Grape — (see court none and vine.) 
Ground nut — ( see ^ nicMs ) . 

Heat cure — 330, 331. 

Hemp , Manila — ( see Abaca ) . 

Hibiscus — 316. 

Highlands (see altitude.) 

Histology — 268, 285, 308, 309, 352, 
368. 

Hops— 336, 364. 

Horse radish — 325. 

Host index— 392. ^ 

Humidity— 332. 

Ilumnlus lupulus — (see hops). 
Tlposcpamns niger — 386. 

Hysteroneura sctariae — 321. 

lUinoia pisi — 345. 
lUihoHi solanifolia — 283. 

Immunity— 267, 284, 289, 299, 324, 

340, 350, 361, 363, 366, 381. 
Inactivation— 272, 334, 362, 388. 
Inclusion bodies— (see bodies). 
'Indexing— 313. 

Infeetion— 270. 

Insect transmission — 265, 275, 280, 
281, 283, 286, 287, 288, 292, 293, 

294, 295, 296, 298, 302, 303, 304, 

305, 308, 314, 315, 321, 331, 334, 

337, 339, 340, 345, 350, 353, 354, 

355, 356, 362^ 365, 366, 367, 

368, 369, 370, 376, 378, 379, 384, 

.'■■■ 386, 388, ■■■389.': .... 
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Iris mosaic — 383. 

Isoleetric — 277. 

Intracellular bodies (see bodies). 
Kohlrabi — 325. 

^^Kroepoek’’ of tobacco— 319, 344, 
351, 378. 

^^Kromnek^^ o^ tobacco — 265, 302, 
344. 

^^Krul’^ of tobacco — 378, 351, 

Leaf curl — 264, 268, 351, 354, 356, 
357, 358. 

Leaf roll of potato — 265, 266, 268, 
282, 303, 304, 312, 330, 345, 355, 
357, 365, 366. 

Legumes — 328, 251, 254, 370, 
mosaic — 283, 350. 

Lepedium nitidum — 331. 

Leptonecrosis of potato — 268. 

Lettuce mosaic — 349. 

Light— 277, 300, 332, 353, 356. 

Lily. 

mosaic — 312, 325, 355, 356, 377- 
rosette — 347, 349. 
virus— 265, 326, 343. 

Lilkim caudidim — 343. 

LiUum. loiigiflorivm — 343. 

Liliiim tigrinium — 343. 
lAynnlus polyph omus — 366. 

Lipid nitidum — '331 . 

Little leaf— 271, 288, 359. 

Little potato — 369. 

Locust ■vvitehesV broom— 311, 375. 
Logan berry dwarf — 393. 

Losses— 282, 283. 

Lucerne witches^ broom — 301. 
Lupins— 328, 360, 370, 

Lycopersicon esculentum — 341.,. '. 367, 
'■; 373.'- 

Lycopersicoyi punpinelUfolmm — 341. 
Lygus pahu luius — 281. 

Lygus pratoms — 325. 

Maerapsis trimaculata — 315, 337. 
Macrosiph um — 308. 

MacrosipMtm gei — 350 . 

Macrosiplium pisi — 350, 376. 
Macrosiphum solanifolia — 283, 286, 
288 . 
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Maize — (see corn). 

^i^(lt'V(lG6ClC d 16 . 

Manila lieiiip — -(see abaea). 

.Marrow vegetable — 349, 

Masldiig~309, 311; 350. 

MattMola immna mosaic — 343. 
Measurements — 342, 355. 

Melilotus alha — 350, 393. 

Metabolism — 271, 300,' 325. 

Mites strawberry — 339. 

Mosaic — 335. 

amaryllis — 364. 
apple — 378. 

bean— 314, 320, 326, 333, 345, 352, 
354, 358, 359. 

beet— 324, 333, 351, 361, 362. 
cabbage — 331, 384. 
cassava — 265, 309, 376, 
cauliflower — 379. 
celery — 308, 364, 388. 

CJieiranthus cJieiri — 280. 

cherry — 348. 

clover — 320, 336, 350. 

Crotalavia — 324, 

cucumber — ^272, 280, 282, 291, 294, 
298, 328, 356. 
dahlia— 276. 
elm — 293. 

Mrysimum, cheirantJwides — 280. 

fig— 264, 355. 

geranium — 324. 

giflower — 308. 

grape — 269. 

gerken — 266, 282. 

hops — 364. 

interveinal of potato — 335. 
iris — 283. 
legumes— 283, 351. 
lettuce — 349. 

Mosaic— 353, 361, 365, 364, 368. 
lily— 312, 325, 355, 356. 377. 
MattMola incanor—ZOSj 343. 

P ■■./maize— 376.'' 

Marmswa— 343. 

Micotmna glutinosa — -367. 
Nicotiana ta’bacim — 291, 367. 
pea— 287, 292, 314, 345, 393. 
peach— 281, 306, 330, 344, 351, 
382, 384. 
pear — 323. 
peanut— 269, 352. 


petimia— 291. 

potato— 265, 268, 272, 284, 293, 

299, 304, 305, 328, 335, 345, 346, 
350, 357, 358, 365, 366. 

prunus— 269. 

raspberry — 266, 295, 310 , 313 , 

360, 361, 306, 393. 
ring spot. 

potato — 268, 306, 328. 
roses — 355, 362. 
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SECOND SUPPLEMENT TO HOST INDEX OF ¥IEUS 

DISEASES OF PLANTS^ 

By Melville T. Cook, Tlant Fathologist . 

AIZOACBAB ♦ 

MOMiUGO VERTIGILLATA 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
AMARAOTHAOeAE 

Amaranthus graecizans 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
Amaranthus hybridus 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

CeLOSIA ARGENTINA CRISTATA 

Curly top of sugar beet. Taubenbaus & Altstatt. Tezas. 1936. 
Gomphrena nitida 

Curly top of sugar beet. Taubenbaus & Altstatt. Texas. 1936. 


AMARILIBACBAi! 

Amaryuis belladona 

Spotted wilt of tomato. Taubenbaus, Texas. 1936. 


¥inoa minor 

Cucumber mosaic. 


AP003NACEAB 
Wellman. Florida. 


1935. 


AEACEAE 

Xantm>bschia albomaoulata 

Spotted wilt of tomato. Taubenbaus. Texas. 1936. 

JSantbdeschia rehmanni 

Spotted wilt of tomato. Taubenbaus. Texas. 1936. 

BI0NONIAOEAE 

Tabkbuia paleida 

broom. Cook. Puerto Rico. 1936. 

® Joiir»ar of Agriculture of the University of Puerto Rico. 19(3) ; 316-406, 
1S35. : 20(3): 691-727, July, 1936. ; , ■ 


All 
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BKOMEI.IAOEAE 

Ananas sativus 

Mosaic. Carter. Hawaii. 1937. Causes a yellow spot differ- 
ent from tlie yellow spot previously reported. Also attacks- 

Commelina nudd flora. 

CAMPANULA0BAE 

Campanula pyramidalis 
Lycopersimvm virus 3. 

Lobelia inflata 

Curly top of sugar boot. Taubeuhaus & Altstatt. Texas. 1936*. 
Lobella spicata 

CiiiTy top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 
Lobelia splendens 

Spotted wilt of tomato. Taubenbaiis. Texas. 1936. 

Lobelia sp. 

Cucumber virus 1. Ainsworth. England. 1936. 

CAEYOPHYLLAOEAE 

OeRASTIU'M vuluatuai 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
Stellabia media 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

Black ring spot. See cabbage in Brassica. 

OHENOPODIAOEAE 

Beta vulgaris 

Leaf curl or crinkle. Wille, Germany. 1928, 

Savoy. Coons, Kotilla & Stewart. II. S. 1936. This appears 
to be tlie same as the disease reported hj Arthur and Golden 
(Indiana) as a bacterial disease in 1892. 

A new mosaic disease of cabbage. Larson & "Walker. Wisconsin. 
1937. 

Chenopodium album 

Black ring spot. See cabbage in Brassica. 

Tobacco virus 1. Holmes. New Jersey. 1937. 

Chenopodium ambbosioides . 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
;Chenopobium.'-'Muba-le : . ' 

Black ring spot. See cabbage in Brassica, 
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Salsola pestiper 

Curly top of sugar beet. Carter. California. 1934. 
SaRCOBATUS VERMICUL.ATUS 

Curly top of sugar beet. Carter, California, 1934. 

Spinacia oleraoba 

A new mosaic of cabbage. Larson & Walker. Wisconsin. N. 
1937. Tobacco ring spot. 

Spinacia sp. 

Black ring spot. See cabbage in Brassica. 

Note: Spinach is a host for beet mosaic in Germany and America. (Boning 
1927 and Hoggan 1933). Chenopodium album, Amaranthus retro flexm & Son- 
oJius arvensis (Moiiraviefit et al., 1930). Chenopodium album in England (K. 
M. Smith in England, 1934). 

COMMELINIACEAE 

COMMELINA NUDIFLORA 

Mosaic. Carter. Hawaii. 1937. Also attacks Ananas sativus* 

OOMPOSITAE 

Ambrosia artemisifolia 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

Bidens prondosa 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
Cauendula sp. 

A new mosaic of cabbage. Larson & Walker. Wisconsin. N. 
1937. 

Callistephus sinensis 

A new virus disease. Sbapovalov & Dufrenoy. France. 1936. 
Also n.tta,ek^ Dahlia sp. Lycopersieon esculenttm and NicoUana 
talacum. Transmitted by Thrips tahaci. 

Dahlia,. sp. 

A virus disease. Sbapovalov & Dufrency. France. 1936. Also 
attacks Callistephus sinensis^ Lycopersicon esculentum and 
NieoUana taiacmn. Transmitted by Thrips tabacL 

Eexgbron annus . 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
..ErIGERON/UANADENSIS"'^' ' 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
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Galinsoga PARVIFLORA 

Tabacco mosaic virus 1. Holmes. New Jersey. 1937. 
Helianthus tuberosus 

Tobacco mosaic vims 1. Holmes. New Jersey. 1937. 
Hieraoium scabrum 

Tobacco mosaic vims 1. Holmes. New Jersey. 1937. 
Lactuca sp. 

Dot disease. Brandenburg, Germany. 1928. 

Lactuca canadensis 

Spotted wilt of tomato. Taubenbaus. Texas. 1936. 

Lactuca graminipolia 

Spotted wilt of tomato. Taubenbaus. Texas. 1936. 

Lactuca sativa var. longifoUa 

Streak (spotted wilt) Snyder & Thomas. California. 1936. 
This is a combination of streak with pea vims 1 and pea 
virus 3. 

Senecio cruentus 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. Also re- 
ported by K. M. Smith in England in same year. 

Zinnia sp. 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 

A new mosaic of cabbage. Larson & Walker. Wisconsin. N. 
1937, 

CONVOLVXTIiACEAE 

Ipomoea batata 

Curly top of sugar beet. Taubenhaus & Altstatt Texas. 1936. 
Ipomoea pandura 

Curly top of sugar beet Taubenhaus & Altstatt. Texas. 1936. 
Ipomoea tripida 

Curly top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 

CBXTOIFERAE 

BaRBABEA VULGARIS 

Curly top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 
Brassioa sp. 

A new mosaic of cabbage. Larson & Walker. Wisconsin. N. 
1937. Black ring spot of cabbage. Tompkins, Gardner & 
Thomas. California. 1937. Similar to ring spot of cabbage 
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reported by K. M. Smith in England in 1935. Attacks all 
cabbages. Infections have been obtained on rhubarb, Cliem- 
podium , album, C. niurale, spinach, Stellaria media, Brassica 
arvensis, kale, Brussels sprouts, cauliflower, broccoli, kohlrabi, 
rutabaga, turnip, wallflower, annual and Brompton stock, dame 
violet,, Virginia stock, water cress, honesty, Chinese radish, 
Turkish and white Burley tobacco and Nicotiana gutinosa. 

A dangerous disease of turnip, rape and rutabaga, Kaufman* 
Germany. 1935. Transmitted by Lygus pratensis. 

Brassica adpri^sa 

A new mosaic disease of cauliflower. Tompkins. California. 
1937. 

Brassica alba 

A new’ virus disease of cauliflow^er. Tompkins. California. 
1937. 

Brassica arvensis 

Black ring spot. See cabbage. 

A new mosaic disease of cauliflower. Tompkins. California. 

. 1937. 

Brassica campestris 

A new mosaic disease of cauliflower. Tompkins. California. 
1937. 

Brassica alba, B. cernua, B. napobrassica, B. napus var. chinensis, 
B. NIGRA, B. oleracea var. hullaia, B. typica. 

Mosaic. Chamberlain. New Zealand. 1936. No data to deter- 
mine if this is the same as the mosaic in other parts of the 
world. 

Brassica gemmipera 

Necrotic ring spot. California. 

Brassica juncea coss 

New mosaic disease of cauliflower. Tompkins. California. 1937. 

Brassica 'NAPOBRASSICA 

New virus disease (chlorosis). Kaufman. Germany. 1936, 
Transmitted by Lygus pratensis, 

Brassica NAPUS 

New virus dfeease. Kaufman. Germany. 1936. Transmitted 

\"by: Lygus pratensis. ■ 

New mGsaic disease of cauliflower. Tompkins. California. 1937. 
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Brassica nigra 

New mosaic disease of cauliflower. Tompkins. California, 1937* 

Brassica olebaceae (varieties aoephala, gemmifera^ capitata^ hotrytis) 
New mosaic disease of cauliflower. Tompkins. California. 1937. 
Cabbage ring spot. Smith. 1935. 

Brassica oleraobab var. hotrytis (broccoli & cauliflower). 

Necrotic ring mosaic. California. 

Brassica oleracea var. capitaia 

Necrotic ring mosaic. Mississippi and Texas. 

Brassica pe-tsai 

New mosaic disease of cauliflower. Tompkins. California. 1937, 
Brassica rapa 

New mosaic disease of cauliflov'Ci*. Tompkins. California. 1937. 
Capsella bursa-pastoris 

New mosaic disease of cauliflower. Tompkins. California. 1937. 
New mosaic disease of cabbage. Larsen & Walker. Wisconsin. 
N. 1937. 

Tobacco mosaic virus 1, Holmes. New Jersey. 1937. 

Cheiranthus chieri 

Cabbage ring spot virus. 

Note; Ainsworth reports that the mosaie-eolorations previously reported 
are due to a virus similar to the one reported by Hoggan and Johnson (Phyto- 
pathology 25: 640) and to one reported by K, M. Smith (Gardeners* Chronicle 
98:213 and Aim. Appl. Biol. 22 : 239 - 242 ). 

Cheiranthus cheri 9 x erysimum cheirantoides S ). 

Cabbage ring spot, 

CoCHLEAEIA AMOBACIA 

Mosaic. Dana. Oregon. 1932. 

An undifferentiated Crucifer virus. 

Hespebis matronalis 

A new mosaic of cabbage. Larsen & Wallcer. Wisconsin. N. 
1937. 

Cabbage ring spot virus 1. K. M. Smith. England. 1937. 
Iberis amara 

New mosaic disease of cauliflower. Tompkins. California. 1937. 
Lepidium campbstris 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937, 

New mosaic disease of cauliflower. Tompkins. California. 1937, 
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Lunaria annua 

Mosaic. Ogilvie. England. 1931. 

New mosaic of cauliflower. Tompkins. 1937. 

Brassiea virus 3. K. M. Smith. England. 1937. 

^ Coarse mottle (Crucifer virus). 

Mathiola bicornis 

spotted wilt of tomato. Taubenhaus. Texas. 1936. 

Mathiola incana 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 

Cabbage ring spot virus 1. K. M. Smith. England. 1937. 
Eosette virus 3. K. M. Smith. England. 1937. 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. N. 
1937. 

A new mosaic of eauliflo^ver. Tompkins. California. 1937, 
Stunting. Beet virus 1. K. M. Smith. England. 1937. 

Nasturtium officinale 

Cucumber mosaic virus 1. Ainsworth. England. 1935. 
Eadicula palustris 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
Eaphanus raphanistrum 

New mosaic of cauliflower. Tompkins. California. 1937. 

Eaphanus sativus caudatus 

Mosaic. Kulkarni, India. 1922. 

SiSYMBRIMUM ALTISSIMUM 

Curly top of sugar beet. Carter. California. 1930. 
Sisymbrium officinale 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
Sisymbrium thalinum 

Tobacco mosaic virus 1. Holmes. New^ Jersey, 1937. 

/ Sophia FiLiPEs 

Curly top of sugar beet. Carter. California. 1930. 

Sophia Sophia 

Curly top of sugar beet. Carter. California. 1930. 

ThDASPI arvense 

A new mosaic of cabbage. Larsen & Walker. Wisconsin, N, 
1937. 
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CUOUEBITAOEAE 

Micrampelis lobata . 

Cneiimber uiriis 1. Was reported without Bumber by Doolittle 
1920, 

EUPHOEBIACEA 

Euphorbia peplus 

Mosaic. New South Wales. 1936. 

Manihot utilissima 

Stem lesion cause by Manihot virus 2. 

PeDILANTHUS AUaUSTIFOLIUS 

Specimeiis brought to the. writer by Mr. J. I. Otero, September 
21, 1936 showed sjunptoms of mosaic which were apparently 
due to a virus. Puerto Rico. 


GEBAHIACEAE 

Geranium c,aeolinianum 

Tobacco mosaic virus 1. Holmes. New" Jersey. 1937. 
Pelargonium do]\iesticum 

Spotted wult of tomato. Taubenhaus. Texas. 1936. 
Pelargonium graviolens 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 
Pelargonium zonale 

Mosaic. Jones. "Washington State. N. 1937. 

Crinkle. Jones. Washington State. N. 1937. 


GEAMINEAE 

Agropyron bepens 

Mosaic rosette of wheat. McKinney. Mississippi Valley, 1937 . 
Yellow” mosaic of wdieat. , McKinney. Mississippi Valley. 1937 . 

Saccharum oppicinabum 

■.;,yNoTB: The following fi¥e diseases of minor importance wMeh, Rave l»ett 
reported'., show , some ciiaraeteristies of virus diseases LWii'-lc LarnOU beam 
that they .are caused by virnses, . 

Leaf freckles. Priode. Cuba. 1929. 

Lemon stripe. Priode. Cuba. '1928. 

Spindle bloteb. Paris. Cuba. 1927. 

Spindle blotch. Paris. Cuba. 1927. 

Gray stripe. Weir. Cuba. 1927. 
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Tbiticum aestivuh 

Green mosaic rosette (virus 1). McKinney. Illinois, 1937. 
Green mosaic (virus 2). McKinney. Virginia. 1937. 

Yellow mosaic (virus 3). McKinney. Illinois. 1937. 

Light green mosaic (virus 4). McKinney. Kansas. 1937. 
Yellow mosaic (virus 5). McKinney. Kansas. 1937. I 

Mild streak (virus 6). McKinney. Kansas. 1937. , '' 

Yellow streak (virus 7). McKinney, Kansas. 1937. 

Tritioum sp. 

Green and yellow mosaic. Wada & Fiikana. Japan, 1937* 
Zea mays 

New disease. Storey. Soutii Africa. 1,937. Transmitted by 
Cicadulina mbila. 


Preesia sp. 

Preesia mosaic. 


lEIBACEAE 


Iris RicHAitoi 

Mosaic. Brierley & McWhorter. Pacific Coast. 1936. 

Iris unguicularis xILba 

Mosaic. Brierley & McWhorter. Pacific Coast. 1936. 
Narcissus spp. 

Narcissus stripe (Tulip virus 1) Atanosoff. Bulgaria^ 1928. 


JUGLANDACEAE 

HiGORIA AQUATICA & H, PECAN 

Bunch disease. Cole, Louisiana. 1936. May be a virus dis- 
ease. 


X^BIATAE 

HeDEOMA PULEGIODiBS 

mosaic virus 1. Holmes. New Jersey. 1937, 
LaMIUN AMPLEXIGAULE 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
Prunella vulgaris 

Tobacco mosaic virus 1, Holmes. New Jersey. 1937. 

Halvia;:sp.'' 7 v''7 A 

Chlorosis. New South Wales. 1932. 
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LEaUMINOHAE 

CiCER ARIETIUM 

Pea,, mosaic yiriis 3. Murpiiy & Pierce. Idaho. 1937. 
Crotalakia ikcana 

i\Iosaie. Virginia. Johnson & Lefebvre. N. 1937, 

Crotalakia intermedia 

i\Iosaic. Virginia. Johnson & Lefebvre. N. 1937, 

Crotalakia .langiolata 

i\Iosaie. I'^irginia. Johnson & Lefebvre. N. 1937. 

Crotalakia maxillaris 

Mosaic. Virginia. Johnson & Lefebvre. N, 1937. 

Crotalaria retusa 

Mosaic. Virginia. Johnson & Lefebvre. N. 1937. 

Crotalaria spectabilis 

Mosaic. Inrginia. Johnson & Lefebvre. N. 1937. 

Crotalaria usaramoensis 

Mosaic. Virginia. Johnson & Lefebvre. N. 1937. 

Desmodium ganadensb 

Pea mosaie virus 3. Murpiiy & Pierce. Idaho. 1937. 
Glemtsia triacathus 

Witches Vhroom. Grant & Hartley. Ohio. 1938. 


Lathyrus latipolius 

Severe mosaic. Johnson & Jones. Washington State. 1937. 
Enatioii mosaic. Johnson & Jones. Washington State. 1937. 

Lathyrus odoilitus 

Pea mosaic virus No. 2 from Vicm fdba by Macrasiplvum pis-i 
Osborn. New Jersey. 1937. 

Streak (spotted wilt) Snyder & Thomas. California. 1936 
Combinations of streak with pea virus 1 and pea virus 3. 
Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

SeA^'ere mosaie. Johnson & Jones. Washington State. 1937. 

' Enatioii mosaic. Johnson & Jones, Washington State. 1937. 

Lathyrus sATivus 

Pea mosaic Aims 3. Murphy & Pierce. Idaho. 1937. 

Lens esculenta 

Severe mosaic. Johnson & Jones. Washington State. 1937. 
Pea Aims 1 & 2 (strains 2-A, 2-B & 2-C). Stubbs. Wisconsin. 
WS7., . 
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Lupinus sp. 

A virus disease. Spienrenburg. Germany. 1936. 

A browning virus. Kobler. Germany. 1937. 'Same as Ain- 
sworth’s yellow mosaic of cucumber, Johnson ’s cucumber virus 
1 and spinach mosaic. 

Lupinus albus 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Lupinus angustifolius 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 
Cucumber virus 1. K. M. Smith, England. 1937. ' 

Lupinus densiflorus 

Pea mosaic virus. Murphy & Pierce. Idaho. 1937. 

Lupinus hartwegii 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Lupinus leucophyllus 

Tomato spotted wilt virus 3. K. M. Smith. England. 1937. 
Lupinus nanus 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Lupinus sugarnosus 

Spotted wilt of tomato. Taubenliaus. Texas. 1936. 

Mbdicago arabica 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Dwarf. Weimer. U. S. 1936. Transmitted by grafting but not 
by inoculation. 

Medicago hispida 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Medicago lupulina 

Severe mosaic. Johnson & Jones. Washington State. 1937, 
Medicago sativa 

Severe mosaic. Johnson & Jones. Washington State. 1937. 
Enation mosaic. Johnson & Jones. Washington State. 1937« 
A" Alfalfa virus 2. Pierce, Wisconsin. 1934. 

^ White clover mosaic virus 1, Pierce. Idaho. 1935. 

Lucerne or alfalfa mosaic (Medicago virus 1). 

MeLILOTUS.. ALBA 

Vein-mosaic. Osborn. New Jersey. 1937. 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Pea mosaic virus No. 2 from Ticm faha by Macrosiphum pisi. 
V Osborn.'';: ";:New' 'Jersey. 19'37.:-'" , 



422 THE journ'ae of agriculture of the university op P. E. 

Melilotus alba var. mimia. 

Pea Biosaie virus 3. Mnii3lay & Pierce. IdaPa. 1937. 

Pea iiiosaie virus 2 from Yicia fdba by Macrosiplium pisi. Os- 
born. ■ New Jersey. 1937. 

^Ielilotus indica 

Pea mosaic vims 3. Murpby & Pierce. IdabO'. 1937. 
Melilotus officinalis 

Severe mosaic. Johnson & Jones. Washington State. 1937. 
Yeilow bean mosaic virus 2. Pierce. Wisconsin. 1934. Idaho., 
1935. 

Common pea mosaic virus 3. Pierce. Idaho. 1935. 

'White clover mosaic virus 1. Pierce. Idaho. 1935. 

Pea mosaic virus 3. Murphy &• Pierce. Idaho. 1934. 

Phaseolus acutifoiaus var. lafifoUus 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1934. 

One sided mosaic on refugee bean. Hoi-sfall, Burkholder & 
Reinkiiig*. New York. 1937. This disease was mentioned by 
PlaiTison & Burkholder in 1936. 

Phaseolus vulgaeis 

Pea mosaic virus 2 from Vicia faha by Macrosiphum pisi, Os- 
born. ■ New Jersey. 1937. 

Dwarf. Harrison & Burkholder. New York. 1936. N. 

Severe mosaic on several varieties. Johnson & Jones. Wash- 
ington State. 1937. 

Eiiation mosaic on Corbett refugee only. Johnson & Jones*. 
Washington. State. 1937.. 

Common bean mosaic, virus 1., Pierce. Wiseonsin. 1934*. 
' Idaho. 1935. 

• Yellow bean mosaic virus 2. Pierce. Wiseonsin. 1934. Idaho. 

1935. - 

• White clover mosaic virus 1. Pierce. Idaho. 1935. 

• Tobacco mosaic virus 1. Pierce. Wiseonsin. 1934. 

Tobacco ring spot virus. Pierce. Wiseonsin. 1934. 

Notb: Corrections: Bean viruses Nos. 1 & 2, alfalfa virus No. 2 and 
tobacco ring spot virus which are credited to Price on page 703 of the second 
supplement should be created to Pierce. PCa viruses Nos. 1 & 3, soy bean, 
virus No. 1 and local lesion vims are not transmissible to Phaseolm vulgaris. 

TLey should be listed under JPisuTn scttivum. 
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PlSUM sativitm 

Local lesion virus. Pierce. Idaho. 1934. 

Streak (spotted wilt). Snyder & Thomas. California. 1936, 
N. This is a combination of streak with pea viruses 1 & 2, 

Mosaic. Inoculated from Trifolmm -prateme^ T. repens. T. hy- 
hridiim and MelUotus alba, Zamneyer & Wade. 1936. 

Pea viruses 1 & 3. Pierce. Idaho. 1934. 

Pea viruses 1 & 2 (strains 2- A, 2-B and 2-C). Wisconsin. 
1937. 

Pea mosaic virus No. 2 from Yicia faha by 31acrosiph%m pisi 
Osborn. New Jersey. 1937. 

Tobacco ringspot virus. Stubbs. Wisconsin. 1937. 

Soy bean virus 1. Pierce. Idaho. 1934. 

Eiiation pea mosaic virus 1. Pierce. Idaho. 1935. 

^ Enation pea mosaic virus. Johnson & Jones. Washington 
State. 1937. Similar to Zaumeyer & Wade's common pea mo- 
saic but different in that it does not attack refugee bean. 

* Common pea mosaic (pea virus 1). Pierce. Idaho. 1935. 

^ White clover virus. Pierce. Idaho. 1935. 

* Broad bean local lesion virus. Idaho. Pierce. 1935. 

Yellow bean virus 2. Pierce. Idaho. 1935. 

Severe mosaic. Johnson & Jones. Washington. 1937, Similar 
to Zanmeyer & Wade's sweet clover mosaic. 

Datura virus 1. 


Note: CliamberlaiiL (Australia 1937) reports that the pea mosaic of Australia 
is same as in IT. S. That it attacks blue lupins, broad beans, sweet peas and 
garden peas. It is transmitted by Myzm persioae^ Aphis rwmhis and ifcwro- 
siphum gei. 


SOJA MAX 

* Soy bean mosaic virus 1. Pierce. Idaho. 1935. 

* Enation pea mosaic virus 1. Pierce. Idaho, 1935. 
^ Broad local lesion virus. 

Vein mosaic. Osborn. New Jersey. 1937. 


Trifolium agrarium' 

Pea mosaic virus 3. Murphy & Pierce. 

TrIFOLIUM aAROIilNIANXTM 

Pea mosaic virus 3. Murphy & Pierce. 

Teipolium dubium 

Pea mosaic virus 3. Murphy & Pierce. 


Idaho. 1937. 
Idaho, 1937. 

Idaho. 1937. 



424 THE JOURNAL OF AGRIGULT'UBB OF THE UNIVERSITY OP P. B. 


Teifolium GLOMEEATUM 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937, 
Teifolium hybridum 

Mosaic virus 1. Zamneyer & Wade. U. S. 1936. 

Severe mosaic. Johnson & Jones. Washington State. 1937, 
Enatioii mosaic. Johnson & Jones. Washington State. 1937, 
Yein mosaic. Osborn. New Jersey. 1937. 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Teifolium incaenatum 

Pea virus 2 from Vieia faha by Macrosiphum pisi, Oi^orn, 
New Jersey. 1937. 

Pea iiiosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Vein mosaic. Osborn, New Jersey. 1937. 

Teifoliuai peatense 

Pea, virus 2 from Vieia faba by MacrosipJmm pisi. Osborn, 
New Jersey. 1937. 

Severe iiiosaie. Johnson & Jones. Washington State. 1937. 

* Alfalfa virus 2. Pierce. Wisconsin. 1934. 

Conimon pea mosaic virus 3. Pierce. Idaho. 1935. 

Yellow bean virus 2. Pierce. Idaho. 1935. 

White clover mosaic virus T. Pierce. Idaho. 1935. 

Vein mosaic. Osborn. New Jersey. 1937. 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Teifolium , pkocumbens 

Pea mosaic virus 3. Murphy & Pierce. Idaho, 1937. 
Teifolium eeplesum 

Pea mosaic virus 3. Murphy & Pierce. Idaho, 1937. 

Teifolium repens 

clover mosaic- virus 1. 

.. Yobaeeo ring spot. 

/ * Alfalfa virus 2. Pierce. Wisconsin. 1934. 

* White clover mosaic virus 1. Pierce. Idaho. 1935. ^ ^ ^^^ ^^ ^^^ ^ ^ ^^ 
Severe mosaic. J ohnson & Jones. Washington State. 1937. 
Vein mosaic. Osborn. , New Jersey. 1937. 

Teifolium suaveolens 

Pea mosaic virus 3. Murphy & .Pierce. Idaho. 1937. 
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ViCIA PABA 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Severe mosaic. Johnson & Jones. Washington State. 1937. 
Vein mosaic. Osborn. New Jersey. 1937. 

ViciA PABA var. minor. 

Yellow bean mosaic virus 2, Pierce. Wisconsin. 1934. Idaho. 
1935. 

* Alfalfa virus 2. Pierce. Wisconsin. 1934. 

Tobacco riiigspot virus. Pierce. Wisconsin. 1934, 

Common pea mosaic virus 3. Pierce. Idaho. 1935. 

Bnation pea mosaic virus 1. Pierce. Idaho. 1935. 

White clover mosaic virus 1. Pierce. Idaho. 1935. 

Pea mosaic virus 3. Murphy & Pierce. Idaho, 1937. 

ViCIA sativa 

Severe mosaic. Johnson & Jones. Wasliingtoii State. 1937. 
Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

'* Note: CorrectioiL for error on page 703 of first supplement. Three records 
attributed to Price should have been credited to Pierce, who has given me Ms 
records in full. These records are marked in the preceding paragraphs with * 
Note: The enation mosaic virus appears to be the same as common mosaic 
of Johnson & Jones, and of Osborn and similar to the one reported by Zau- 
meyer & Wade in 1936. It differs from the bean mosaic of Z. & W. (1935)* 
The severe mosaic virus appears to be similar to that reported by Pierce (1935) 
and to that described by Z. & W. (1936) as pea virus 3. 

LIIiIAOEAE 

FrITXLLARIA CAMSCHATCENBTS 
Green mosaic. Japan. 

Hycinthus spp. 

Hyacinth stripe, virus 1 (same as tulip virus). 

Lilium sp. 

Crooked neck. Stout. New York. 1927. 

Pimple leaf. Known by New York florists for many years. 

Ijiljvm ATmATivM & YeLT, plat'i/phyUum 

Green mosaic, yellow mosaic and erooked neck, Kawamura. 

' .Japan.' 1938. 

Lilium candidum 

Latent virus (same as tulip virus), McWhorter. Oregon. 1937* 
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Lilium ELEGANS 

fjreeii mosaic. Kawamura. Japan. 1938. Also on several va» 
rieties. 

Yellow mosaic. Kawamura. Japan. 1938. Also on variety 
simiplenes. 

Lilium longipi/)Ritm 

Latent virus (same as tnlip virus). McWLorter. Oregon, 1937» 

Lilium longiflorum fobmosanum 

Green and yellow rosette. and pimple leaf. ' '! 

Lilium: longiflobum gigantium 

Green and yellow rosette and pimple leaf. 

Lilium longh^olius iiLBOMARGiNATus and also var. Togo. 

Yellow mosaic. 

Green mosaic on varieties Agata and Togo. 

Lilium LsicHTLiNn MAxiMOWiczn 
Green mosaic. 

Lilium spegiosum album • ; ■ 

Green and yellow mosaic. 

Lilium spegiosum rubruh 
Green and yellow mosaic. 

Lilium spegiosum kbaetzeri • 

Green mosaic., 

Lilium tigrinum 

Latent virus (same as tulip virus). McWhorter. Oregon. 1937, 
Tomato spotted wilt. New South Wales, 1936. 

Green mosaic. " 

Lilium tigrinum' fortunei 
Green and yellow mosaic. 

Lilium UKEYUEi 
Green mosaic. 

MAIiVACJEAE 

Abutilum aebobum 
Abutilon patersoni 
Abutipolium vitipolium 

Abutilon tonelianum 
: , . Yariegations. Morrens. Mexico, 1869. 


Chlorosis. Lindemuth. 1872-78. 
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MOEAGEAB 

Humulus lupulus 

Fluffy tip OT biiiicliy top. Salmon. England, 1936. Prob-* 
ably due to a virus. 

Note: According to Salmon (1935) the definite virus diseases previously 
reported are nettlehead^ mosaic, chlorotic disease. 

Slip down. Magie. New York. 1937. 

Mobus sp. 

Mosaic. New Jersey. 1936, 

MYETACEAE 

Chamaelancium uncinatum 

Mosaic. New South Wales. 1935. 


PAPAVEKAOEAE 

Chelidonium majus 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 


PASSIPEOEACEAE 

Passiplora sp. 

Woodiness or bullet disease. New South Wales. 1928, 
Passiploba aurantia 

Woodiness or bullet disease. New South Wales, 1928, 
Passiploba coebulea 

Woodiness or bullet disease. New South Wales. 1928, 
Passiploba HERTiANA 

Woodiness or bullet disease. New South Wales. 1928, 
Passiploba inoarnata 

Woodiness or bullet disease. New South Wales. 1928, 
Passiploba lutea 

Woodiness or bullet disease. New South Wales. 1928, 
Passiploba quadrangularis 

Woodiness or bullet disease. New South Wales. 1928. 
Passiploba subbrosa 

Woodiness or bullet disease. New South Wales. 1928, 


Tasonia mollisima 

Woodiness or bullet disease. New South Wales. 1928. 
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PHYTOLAOCACEAE 

Phytolacca lecanlra 

Tobacco mosaic larus 1. Holmes. New Jersey. 1937. 

PLANTTAGIITACBAE 

Plantago major 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937, 
Plantago regeli 

Tobacco niosaie virus 1. Holmes. New Jersey. 1937. 
Plantago lanceolata 

Toba,ceo mosaic virus 1. Holmes. Ne\v Briiuswick. 1937. 

POIiYGOHAOEAE 

FaGOPYRUM ESCUmETUM 

Stmiting (cucumber virus 1) K. M. Smith. England. 1937.. 


Polygonum avigulare 
T obacco mosaic virus 

1. 

Holmes. 

New Jersey. 

1937. 

Polygonum convolvulus 
T obacco mosaic virus 

1. 

Holmes. 

New Jersey. 

1937. 

Polygonum erectum 
T obacco mosaic virus 

1. 

Holmes. 

New Jersey. 

1937. 

Eheum sp. 

Black ring spot. See cabbage in 

Brassica. 


PtUMEX sp. 

Tobacco mosaic virus 

1. 

Holmes. 

Neiv Jersey. 

1937. 

Eumex acetos,ella 

Tobacco mosaic virus 

1. 

Holmes. 

New Jersey, 

1937. 


Eumex soutatus 

Curly top of sugar beet. 


PBIMXILACEAE 

Primula,. ABCONiA 

: Cucumber virus'!. Ainsworth. England. 1936. 

Primula JAPONICA 

Cucumber virus 1. Ainsworth. England. 1936. 

nAW^Cm»A€BAM 

Delphinium sp. 

Witches^ broom. Same as stunt. Stunt, dwarf and witches'' 
broom are due to the "same . virus. 
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Paeonia sp. 

Ringspot. Green. England. 1935. 

Ranunculus sp. 

Yellows. New Sontli Wales. 

Ranunculus pascicularis 

Curly top of sugar beet. Taubenbaus & Altstatt. Texas. 1936. 
Ranunculus pusillus 

Curly top of sugar beet. Taubenbaus & Altstatt. Texas. 1936. 
Ranunculus scleratus 

Ciirl3^ top of sugar beet. Taubenbaus. Texas. 1936. 

ROSACEAE 

Cotoneaster har.roviana 

Mosaic of apple. See Fyrus. 

Eriobotrya japonica 

Mosaic of apple. See Pyncs. 

Frag ARIA sp. 

Mosaic. New South Wales. 1936. 

Crinkle of strawberry. Wormald & Harris. England. 1936. 

Photinia arbutipolia 

Mosaic of apple. See Pyrus, 

Prunes sp. _ 

Mosaic of apricot, cherry, peach and plum reported by Atanasoff 
in 1934. Transmitted by An%rapMs padi. 

Mosaic was believed to be the same as peach mosaic (but not 
proven) was reported on apricot, almond, prune, plum and 
Myrobalan plum in California by Cochran in 1937. 
Apparently a new" disease of prime. Thomas & Hildebrand. 
New York. 1936. 

Prunus , ALLEGHANIENSIS 

Asteroid spot. Cochran & Smith. California. N. 1938. 

Prunus '.ARMEN iACA 
''Peach: rosette. 1. 

; ■ Peach mosaic. 

Prunus , AMERICANA ^ 

Little peach. Manns. Delaware. 1936. 

Peach yellows. Hartzell. New York. 1935. 

" Peach uosette./ , I;'' ■ 
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Pki:xus coaiaiunis 
Peacli mosaic. 

Pea, ell yellows. Hartzell. New" York. 1935. 

P.BUNUS DOMESTICUS 

Little peaeli. Manns. Delaw^are. 1936. 

Prijnus doaiesticus var. mtdpersica 

Peaeli yellows. Hartzell. New York. 1935. 

Prunes aiyrobalan 

Yellows. Manns. .Delaware. 1936. 

Little peaeli. Manns. DelaW'^are. 1936. 

Prijnus saligina 

Peaeli yellows. PlartzelL New York. 1935. 

Little peaeli. Manns. Delaw^are, 1936. 

.Pyrus sp. 

Infections variegations of apple foliage. Vibert. France. 1935. 
Mosaic. Thomas. California. 1937. Eeports that this disease 
is transmissible from Pyrus malus to Coloneasier harreviana^ 
Priohotrya Japonica, Photinia ariuUfolia and in one case to 
Sorbus pallescens. 

Pyrus aucuparia 

Variegations. Pyrus vrius 1. AtanosOff. Bulgaria. 1935. 

Pyrus communis 

Apple mosaic (Pyrus virus 2). 

Pyrus cydonia 

Apple mosaic (Pyrus virus 2). 

Eubus allegheniensis 

Mosaic (rare). Cooley. Western New York. 1936. 

Streak. Cooley. Western New York. 1936. 

EuBUiS OOCIBENTALIS 

Mosaic (rare). Cooley. Western New York. 1936. 

Leaf curl (rare) Cooley. Western New York. 1936. 

Sorbus pallbscens 

Mosaic: of apple. See 

EXTTACEAE 

Crmus sp. 

Corrugations or ribbings of lemons. Casella. Italy. 1933. 

Not proved to be due to a, virus. ■ 
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SOROPHUIiAEIAOEAE ' 

LiNARIA VULGARIS 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

Pentstemon sp. 

Mosaic (ciicumber virus 1). K. M. Smith. Bng'land. 1937. 

Vewonica officinalis 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

SOLAHAOEAE 

Browallia speciosa var. major 

Tobacco mosaic virus 1. Holmes. New Jersey. I. 1937. 

Capsicum sp. 

Virus F (same as tuber blotch and Monocrat virus). Clinch,, 
Loug^hiiane & Murphy. Ireland. 1936. Also reported from 
Australia by Bald in 1937. 

Bunchy top of tomato. McClean. South Africa. L 1935. 

Capsicum feutesgens grossum- 

Curly top of sugar beet. Taubenhaus & Aitstatt. Texas. 1936, 

Datura meteloides 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 

Datura stramonium 

Virus P (same as tuber blotch and Monocrat virus). Clinch, 
Loiiglinane & Murphy. Ireland. 1936. 

Streak (spotted wilt). Snyder & Thomas. California. 1936. 
This is a combination of streak with pea virus 1 and pea 
virus 3. 

Datura, tatula 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 

Ly.COPERSIOUM ESCULENTUM ...■ 

Tomato ring mosaic streak. 

Tomato bushy stunt. Lycopersicum virus 4. Ainsworth. Bn- 

; 'gland. 1933. , ^ . . ■ 

Bnation mosaic (fern leaf type). Ainsworth. England. 1935, 
Due to a virus related to common tomato mosaic virus. 

Pern leaf, which may he different from the fern leaf in America. 
Ainsworth. England. 1935. It was reported as a new dis« 
ease. The virus appears to have about the same host range 
as tobacco virus 1 and it is thought that it should be consid- 
ered a strain. 
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A Tims disease. Shapovalov & Diifrenoy. France. 1936, 
Also ataeks CalUsteplius sinensis, JDaJilm sp. NieoUana tohaoum. 
Transmitted by Thrips iabacL 

Spotted ATilt of tomato., Brittlebank. 1919. This corrects the 
date of tlie former record. 

Leaf ciiii. Pal & Tandon. India. 1937. See iY. iahaGum. 

LyCOFERSIGON PmPiNEL-LIFOLIUM ■ 

Bimcliy top of tomato. MeCleaii. Sontli Africa. I. 1935, 
Yicotiana biglovii 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937. 
See Brassica, 

Nicotia,na calygiplora 

A new mosaic of cabbage. Larson & Walker. Wisconsin. 1937. 
See Brassica, 

NiCOTIANA G.LUTINOSA 

Streak (spotted wilt). Snyder & Thomas. California. 1936. 
This is a combination of streak virus witli pea virus 1 and 
pea virus 3. 

Leaf curl. Pal & Tandon. India. 1937. See Y. tabacmn, 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937. 
Nicotiana lahgsborpii 

A new mosaic of cabbage. Larsen & Walker. Wisconsin, 1937- 
NiCOTIANA LONG.IPLORA 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937. 
N ICOTI AN A Alir ALTIV.ALVIS 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937* 

■ .Nicotiana quadbivaevis 

A new mosaic of cabbage. Larsen & Walker. Wisconsin, 1937, 
.. Nicotiana bepanda 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937, 
Nicotiana egstica 

Yellow dwarf of potato. Black. Neiv York. I. 1937, 

A new mosaic of cabbage. Larsen & Walker. Wiseonsin. 1937 
Leaf curl. Pal & Tandon. India, 1937. See Y. iaiacum, 
Nicotiana syevesteis 

A new mosaic of cabbage. " Larsen. & Walker. ■ Wisconsin, 1937, 
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Nicotiana tabacum 

A virus disease. Shapovalov. France. 1936, Transmitted by 
Tkrips tahaci. 

Big bud. New South Wales. 1936. 

Eing spot No. 2. Price. New Jersey. 1936. 

Virus P (same as tuber blotch and Monocrat virus). Clinch^ 
Loughnane & Murphy. Ireland. 1936. 

Yellow dwarf. Hill. Australia. 1937. 

Kuffle leaf- Lehman. North Carolina. N. 1937. 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937, 

Leaf curl (five types due to four distinct viruses A, B, C, D 
and mixtures of two or more known as X and transmissible 
to all Turkish varieties and to V. rustical N, Solanum 

nignim^ Lycopersicum esculenUmi and Petunia sp.) Pal & 
Tandon. India. 1937. 

Bergerac ringspot. Virus 14. 

Tomato streak. Lycopersicum virus 1. 

Hyoscyamus mosaic. Hy virus 1. 

Datura virus 1. K. M. Smith. England. 1937. 

Euffle leaf. Lehman. North Carolina. 1937. Eesembles ^‘kroe- 
peek’’ of South African and Java. 

Yellow mottle. Putman. Canada 1937. A member of the 
latent or X virus group. 

Petunia sp. 

Virus P (same as tuber blotch and Monocrat virus). Clinch, 
Loughnane & Murphy. Ireland. 1936. 

Leaf curl. Pal & Tandon. India. 1937. See V. tabaoum, 

Physalis (two species) 

Bunchy top of tomato. McClean. South Africa. I. 1935. 

Physalis peruviana 

Spotted wilt of tomato. K. M. Smith. England. 1936. 

SchIZANTHUS PINNATUS 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 

Schizanthus retusus 

Witches’ broom caused by an attenuated strain of potato Y 
vinis Salaman. England. 1937. 

SoLANUM (7 species) 

Bunchy top of tomato. McClean. South Africa. I. 1937. 
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SOLANUM CABOLINENSE 

Ciirlv top of sugar beet. Taubeubaus & Altstatt. Texas. 1936^ 
SOLANUM BULGAAIARA 

Aiieiiba mosaie of potato. Glineli. Lougbnane & Miirpliy. Ire- 
land. 1936. 

SOLANUM EL-AEAGNIPOLIUM 

Mosaic. Young, Altstatt & Harrison. Texas. 1937 (1938). 

SOLANUM NIGRUM 

Curly top of sugar beet. Taubeniiaus & Altstatt. Texas, 1936» 
Virus F. Bald. Australia. 1937. 

Leaf eiirl Pal & Tandon. India. 1937. See N. iaiacum. 

SOLANUM NODIFLORUM 

Vims F (same as tuber bloteb and Monocrat virus). Clinclij 
Looglinaiie & Murphy. Ireland. 1936. 

SOLANUM ROSTRATUM 

Curly top of sugar beet. Taubeniiaus & Altstatt. Texas. ' 1936. 

SOLANUM TRIFLOEUM 

Curly top of sugar beet. Carter. California. 1930. 

SOLANUM TUBEROSUM 

Virus F (same as tuber blotch and Monocrat virus). Clinch, 
Loughiiane & Murply. Ireland. 1936. Also Bald. Austra- 
' lia. , 1937. 

Tuber blotch virus (Solanum virus 8). 

Spring head (same as stekelkolfen in Holland, curly dwarf and 
bukett disease). Result of mixture of mild mosaic virus and 
stipplestreak (acropetal necrosis) virus. Botjes. Holland. 
■ , , 1937, 

Note: Reddick (1936) reported that acropetal necrosis virus was the same 
as vein banding virus. 

Note: Oori’eetion: Viruses Hy, 11 and Hy, IV may be regarded strains 
of potato mosaie virus. Virus Hy. Ill is entirely different and does not attack 
potato. Hy. IV may be same as potato virus X. This correction of the second 
supplement is made in accordance with request from M. A. Watson. 


THEACEAE 


Thea sp. 

Curly leaf or Phloem disease. Cadd. Ceylon 1936. ' ' ' 


’k' ^ 



IlOHT INDEX OF VIRUS DISEASES 


435 


THYMELACEAE 

Dapeine sp. ■ 

Greening (!) New South Wales* 1935. 

Mosaic (?) New South Wales. '1935. 

TEOPAEOLACEAE 

Tropaeolium minus 

Curly top of' sugar beet. Taubenhaus & Altstatt. Texas. , 1936. 

UMBELIiIFEBEAE 

Apium graveolens 

Mosaie. New South Wales. 1935. 

DiVUCUS CxVROTA 

Yellows, Conn. & New York. 


VIOEAOEAE 

Viola cornuta 

Mosaic (cucumber virus 1). K. M. Smith. England. 1937. 
Viola odobata 

Curly top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 


Viola tricolor 

Cucumber mosaic virus 1. K, M. Smith. England. 1936. 




SECOND SUPPLEMENT TO THE INDEX OF VECTORS OF 

VIRUS DISEASES OF PLANTS 

By Melvili^e T. Cook, Pathologist , 


Aceetogallia sakguinolenta 

1937. Yellow dwarf of potato. Potato to potato. Black New 
York. 

Anueaphis PitoA 

1934. Atanasoff reported that this vector transmitted a mosaic 
among apricot, cherry, peach and plum. 

Aphis bubicola 

1936. Leaf curl. Rasberry to rasberry. Cooley. Western New 
York. 

Aphis pabae 

1936. Yellows. Beet to beet. Roland. Belgium. 

Aphis gossypii 

1937. Mosaic. Commelina nudiflora to Ananas sativits. Carter* 
Hawaii. 

Breviooryne brassioa 

1937, New mosaic of cauliflower. Among susceptible Cruci- 
feraceae, Tompkins. California. 

1937. New mosaic disease of cabbage. Among susceptible va- 
rieties. Larsen & Walter. Wisconsin. 

Cafitophobus pragaepolia 

1936. Yellow edge. Strawberry to strawberry. Massee. En- 
gland. 

ClOADtrijIA MBILA 

'■"A. 

1937. New disease. Zea mays to Zea mays. Storey. 

Delphacodes stbiatella 

Transmits dwarf disease vims of rice. 

Feankliniella sp. 

1926. Spotted wilt of tomato. Tomato to tomato. Australia. 

* Journal of the Department of Agriculture of the University of Puerto Itico. 10CB)s 
407-420. July, 1935. 

Journal of the Department of Agriculture of the University of Puerto Rico. 20(8): 
729-739. July, 1936. 
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" Lygits PRATEKSIS 

1935. A virus dis’ease. Bra^sica to Brassi'Ca. Kaufinaii. Ger- 
many. 

::;:MACROsm illinoia 

1937. Vein mosaic. Transmitted among MeUlotus alba, Pisum 
sativum (several varieties). Trifolium pratense, T. repens, T. 
hybridum, T, mcarnatum and Vicia faba. Osborn. New 
Jersey. 

1937. Pea virus 2. Vicia faba to Lathyrus odoratus, MelUotm 
Leguminoseae. Murphy & Pierce. Idaho. 

Macbos-Iphum pisi 

1937, Pea virus 2. Vicia faba to Lathyi'us odoratus, K-elilotus 
alba, Phaseolus vulgaris (many varieties), Pisum sativum, Tri- 
folium incarnattmi and T, pratense, Osborn. New Jersey. 

Macrosiphum solanifolii 

1937. Mosaic. Commelina nudiflora to Ananas sativus. Carter. 
Hawaii. 

Macropsis trimaculata 

1936, Little peach. Between peach and plum. Manns. Dela- 
ware. 

1936. Peach yellows. Between several species o£ Prunus. 
j Manns. Delaware. 

Melanopsis femur, m. bivittatus, m. plubeus and m. augustipennis 
1928. Spindle tuber. Potato to potato. Goss. Nebraska. 

Myzus circumflexus 

» *' 1 

1928. Tulip mosaic. Tulip to tulip. Brierley & McKay. 
Oregon. One case. 

Myzus persigae 

1936. Virus F (tuber blotch and Monoerat virus). Clinch. 

Loughnane & Murphy. Ireland. 

1936. Yellows. Beet to beet. Roland. Belgium. 

1936. Mosaic. Beet to beet. Roland. Belgium. 

1936. Iris mosaic. Iris to Iris. Brierley & McWhorter. IJ. S. 
Pacific Coast. 

1937. New virus disease of cauliflower. Among susceptible 
Cnicifereae. Tompkins. California. 

1937. Mosaic. Commelina nudi flora to Ananas sativus. Carter. 
Hawaii.^; 
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1937, New virus disease of cabbage. Among many susceptible 
species and varieties. Larsen & Walter. Wisconsin. 

Note; A correction. This species does not transmit virus Hy, IV or po«- 
tato virus X as stated in the first supplement. 

Mtzus solani 

Note: McKay (1929) of Oregon reports that recent work does not indicate 
that this insect is a vector of tulip mosaic as previously reported. 

Rhopalosiphuk psbudobrassicab 

1937. New virus disease of cauliflower. Among susceptible Oru^ 
cifereae, TompMns. California. 

1936. A virus disease. Between Dahlia sp. CalUstephus sinensis^ 
Lycopersicon esculentwm and N. tobacum. Shapovalov & Dii» 
frenoy. France. 

Toxoptera aurantii 

1933. Transmits a corrugation or ribbing of lemons. Casella* 
Italy. 




THE WITCHES^ BROOM OF TABEBUIA PALLIBA IN 

PUERTO RICO 

By Melyille T. Cook, Plant Paihologht. 

A witclies’ broom of Tdbehuia pallida bas been known for many 
years and has been attributed to several causes such as fungi and 
insects but without definite proof in any case. This abnormality 
develops during periods of rapid growth as numerous short shoots in 
which the leaves are smaller than normal. A few apparently normal 
shoots with normal leaves are usually present among the abnormal 
twigs. The nodes of the abnormal shoots are thick and the inter- 
nodes short. A few flowers and an occasional short seed pod may 
appear in the broom^. All the shoots are green for several weeks 
or months. This is followed by the death of some of the shoots and 
eventually the entire broom. A few new shoots may develop in the 
old broom during periods of active growth for years. In some cases 
the majority of branches on a tree develop these very unsightly 
brooms. 

In the spring of 1936 the -writer began a series of tests to deter- 
mine the possibilities of this disease being due to a virus. Inocula- 
tions with the sap from diseased plants gave negative results. Bud- 
ding with buds from diseased trees gave a low percentage of in- 
fections although the buds died. The studies indicate that the in- 
oculations must be made during periods of active growths. The 
symptoms develop in three to four months after budding. The brooms 
usually appear at the nodes just above the points where the bud 
was inserted. After the formation of the first broom, other brooms 
will develop in other parts of the tree. These new brooms may 
develop on the branch in which bud was inserted or on other branches. 
The evidence indicates that the virus or active agent travels in both 
directions. 

The illustration is the first broom developed by bnd inoculation. 
The tree developed many brooms, some of them evidently from bud 
inoculations and others at other points. 

Many seedlings have been grown but all of them aparently healthy. 
Therefore, it appears that the virus is not seed borne. 
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The source of infections in nature has not been determined but 
a leafhopper {Frotalebra tabebuim Dozier) lives in these trees and 
may be the vector. * ■ ■ - ■ . 

Witches^ brooms on many species of plants have been demon- 
strated as due to viruses. Some of the most important are potato 
(Hunger & Dana 1924 and Young 1926), strawberry (Zeller 1927), 
tomato (Young & Morris 1929) Solodisous discolor (Zeller 1930). 
Similar abnormalities such as rosette on several species of plants have 
also been demonstrated as due to virus diseases. 



PLATE XI 




OUOUMBER MOSAIC IN PUERTO RICO 

By Melville T. Cook, ^lani Pathologist. 

■ During the winter of 1935-36 there was a severe outbreak of eu» 
'Cumber mosaic in Puerto Rico and in some fields all the plants were 
infected. .The vTiter came, to Puerto Rico in July 1923 and this is 
the first severe outbreak of the disease during the period beginning 
with that date. In fact, mosaic plants have been very rare. The 
symptoms of the 1935-36 outbreak were the same as those of the 
common mosaic in the eastern part of the United States. Diseased 
plants were rare in 1936-37. There was an abundance of Aphis 
gossypii Glover in the fields in 1935-36 but no experiments were con- 
ducted to determine if they were the vectors. 

The source of this infection is an unsolved problem at this time. 
The seed came from the United States as in previous years, but it 
appears very unlikely that the disease came from that source, as the 
United States records show that it is rarely if ever transmitted by 
seeds of the cucumber but that it is transmitted by the seeds of the 
wild cucumber (Micrampelis lobata). Doolittle and Gilbert (1918) 
reported that one cucumber seed in 5500 produced a mosaic plant. 
The native wild cucurbits in the immediate vicinity of the fields in 
Puerto Rico did not show any symptoms of the disease but it is 
possible that they may be symptomless carriers. M. lohata does not 
occur in Puerto Rico. It is possible that the disease may be due 
to an entirely different virus from the common mosaic of cucumber 
in the United States. Bewley and Corbett (1930) reported a mosaic 
disease of cucumbers which appears to be entirely different from the 
mosaic cucumbers in the United States in that it was transmitted 
by the seeds. 

The disease was so abundant that the writer decided to contmue 
Ms studies on the effects of virus diseases on the histology of the 
host plants. In 1925, 1927, 1930 and again in 1931 the writer pub- 
lished papers showing the effects of viruses on the structure of the 
leaves and stated that some of the viruses caused an inhibition of 
the development of the chloroplasts. Several species of host plants 
were used in these studies. This idea was contradictory to the idea 
of destruction of the chloroplasts by viruses which had been held 
up to this time but has been supported by the studies of later workers. 

A brief review of the more important work on this phase of the 
subject since that time is as follows: 
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Hoiines (1931) published a paper on local lesions of tobacco mo- 
saic wMeh indicated changes or destruction at points of inoculation 
but lie did not make histological studies. 

Diifrenoy (1928) reported that in some cases cliloroplasts did not 
reach the normal size while in other cases there was a disintegration. 

Nelson (1932) said: 

some easesj no disintegration of the eHoroplasts is associated witli the 
ciilorosis but in others destruction of tlie cMoroplasts is one of the ' contributing; 
causes of the development and extension of the chlorotic areas. ’V 

* * * * # * * 

the chlorotic areas, the chloroplasts may be fewer in number and 
smaller than those in the green portions, but, in some eases, there is no defi- 
ciency in number and the chloroplasts are normal in size. The affected cells 
are pale yellow in color and structural changes in the plastids are frequently 
to be observed. The stroma becomes flattened and larger in diameter and, aa 
a result of dissolution processes, the chloroplasts eventually collapse into a 
coherent mass of viscous, pale yellow or colorless material with a more highly 
diffractive surface membrane at the surface. 

Clinch (1932) said that her ^^observations on mosaic-infected 
leaves also show that inhibited developed is a feature of chlorosis in 
certain diseases, but the pathological effect, in potato at any rate,, 
is eonsiderecl to be more complex than Cook has suggested'^ 

In the summary she said: 

The chloroplasts in the cells of the chlorotic areas also display inlubited 
development, as they are frequently smaller and fewer in number than in corre- 
sponding healthy eelh They may, however, be almost normal in size, but differ 
in other respects from the plastids of a healthy leafU’ 

Sheffield (1933) piiblislied a paper on the aueuba mosaic of tomato- 
in which the results agreed with the writer. This may be summarized 
by the following , extracts : 

As aueuba mosaic does not affect the chloroplasts of leaves which are 
fully developed at the time of infection, it seems unlikely that mature plastids 
are destroyed by the virus. The mottling of only young growing leaves sug- 
gests that the virus prevents the formation of plastids, and this has been 
found to be the case^h 

^ ^ » ■ .# ^ # ;* A 

If the virus reaches the cell before plastid development has commenced, 
then the development of the plastids is inhibited and usually they are destroyed.’^ 

■■ ■ * ' ■*' ■ : * ■ ' ■ ■ ■■ ^ ^ . ■ n' ■" 

should be emphasized that no evidence whatever was found of the de- 
struetion of mature plastids. Very occasionally the development of proplastida 
IS inhibited during its course, but usually if a primordium is not destroyed or 
Its development inhibited in a very early stage, then it will give rise to a per- 
feetly normal -ehloroplast,^':^':.,: ■ 
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^^The young cell responds in several ways to the virus attack. Cell growth 
is inhibitedj simultaneously the proplastids . are destroyed or their development 
prevented. ^ ’ 

^ * * * . ^ # * 

^'^In plants infected with aucuba mosaic certain of the leaf tissues are devoid 
of plastids and the cells may be undifferentiated. The absence of chlorophyll 
is brought about by the inhibition by the virus of the development of the 
plastid primordia. Usually the primordia are destroyed. If plastid develop- 
ment is not prevented in a very early stage, perfectly normal plastids are 
formed. Mature plastids are never affected by the virus but .occasionally in- 
termediate stages may be.’’ 

Esau (1933) reported disintegration of the ehloroplasts in the 
leaves of eiirly top sugar beets. 

Bawden (1934) published a paper on a foliar necrosis of potato 
in which he said : 

^^The plastids rapidly degenerate, their breakdown often being the first 
obvious sign of disease. Cells some distance from demonstrably necrotic ones 
frequently show plastids in all stages of degeneration.” 

A study of sections of mosaic and normal leaves and of the mosaic 
and normal parts of leaves of the cucumber in Puerto Rico showed 
that in most eases the mosaic leaves and mosaic parts of leaves were 
thinner than the normal leaves and normal parts of leaves. 

The palisade cells were always longer in the normal than in the 
mosaic areas. In some cases the palisade in the mosaic had remained 
undeveloped and were cuboidal in shape (See figs. 1 to 6). 

The ehloroplasts were always more numerous and usually larger 
in the normal than in the mosaic (figs. 1-6). 

All the above facts are in harmony with the previous work of 
the author and with the work of Clinch and Sheffield. It would be 
presuming entirely too much to say that all viruses have this effect 
on all species of host plants uniii the effects of more of them have 
been studied but it opens a field of research. 

Studies were also made of the chlorotic and green areas of the 
fruits (Pigs. 7 & 8). In general it may be said that there is very 
slight if any differences in the size of the palisade cells but number 
of ehloroplasts in the chlorotic cells was much less than in the green 
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Explanation op Plates 

1. Cross section of normal part leaf near tip. 

2. Cross section of mosaic part leaf near tip. 

3. Cross section of normal part leaf six inelies back. 

4. Cross section of mosaic part leaf six inches back. 

5. Cross section of normal part. 

6. Cross section of mosaic part leaf same section. 

7. Section of epidermis of normal fruit. 

8. Section of epidermis of mosaic fruit. 

Note that the sections of normal leaves 1, 3 and 5 are thicker 
than the sections of the mosaic leaves 2, 4 and 6 and that the cMoro- 
plasts in the normal leaves are larger and more numerous than in 
the corresponding leaves of the mosaic plants. 
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PUGILLUS FUNGORUM VENEZUELENSIS 

Eaeael a. Toro(^) 

Since the publication of Chardon & Toro’s Mycologieal Explora- 
tions of Yeneznela (1), in which the number of known species of 
Venezuelan fungi was raised to a little over 1100, there have ap- 
peared a few short papers dealing Avith this subject."^ Sydow (4) 
adds seven netv species in a revision and addition to his former Fungi 
Venezuelani; the author (5) adds three, and Kern (2), four, in their 
respective reports of the expedition of Kern and Toro in 1934. 
Linder (3) presents the results of his studies of several members 
of the Imperfeeti collected by Chardon & Toro in 1932. 

The present paper represents an attempt to identify some of the 
specimens Avhieh Avere collected in the course of the several trips to 
Venezuela. 

Irene liARViFOiuMis (P. Henn.) Stev., Annal. Myc. 25 :425. 1927. 

Meliola larviformis P. Henn. Hedwigia 43 : 362. 1904. 

Appmidimilella larviformis (P. Henn.) v. Hbhii., Sitz. K. Akad. 

Wien. 128:556. 1919, 

This is one of the feAv species of the group .Meliolinae Avliich sliow 
extreme pathogenesis in the host tissue. It foiins broAvn necrotic 
lesions, surpassing the boundaries of the fungus colony. Another 
'characteristie of this species is; its susceptibility to epipathogens. 
None of the colonies exammed were free from ether Eclminthospornim 
or Ckdon-ectoria sp. 

On Acahjpha macrostachya Jacq. 

La Ciiiiibre, road to Oenmare, Aragua, Chardon & Toj‘0 No. 

July 25, 1932.' 


C^) Contxibution No. S, from the BepArtment of Botany and Plant Pathol ogry, College 
of Agriculturo and Mechanic Arts, Mayaguez, P. !B. Published with the authorization, of 
the Dean. 
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Irenina dalechampiae Stev., Aiinal. Myc. 25:449. 1927. 

Tliis species was liitlierto oniy known from Ecuador. It may be 
also present in Colombia as this second collection comes form the 
Veiieziielaii llanos. 

On DalecJimfipia scandens L. 

Hacienda Santa Barbara, El Palmar, Bolivar, H. Soltero, No. 
■ 1545 , Nov. 8, 1932. 

Meliola piTHECOLOBii Stev. & Tehon., Mye. 18:9. 1926. 

Oiir specimen agrees vdth the description of the species. Some 
of the setae merge in their length wdth that of M, Meibomiae Stev, & 
Tehon and a closer study may reveal that both are identical. 

On PUhecolohiimi sp. 

IJpata, Bolivar, H. Soltero No. 1539 . Nov. 5, 1932, 

I^IelioijA Sapindactearum Speg., Rev. Argentina Hist. Nat. 1 :29. 1891. 

This species lias been previously reported from Yeneziiela on other 
hosts. 

On Sapmd'us sapo7iaria L. 

Heda. El Recreo, San Fernando de Apure. H. Soltero No. 1567 . 
Dec. 1, 1932. 

Schiffnerula paraparensis sp. nov. 

Fungus epipliy lions, forming loose, irregularly distributed, blackgray, super- 
ficial colonies, often covering the whole surface of the leaf ; mycelium brown 
pellucid, septate, nearly straight, 6-7^ thick j hypliopodia alternate, one per cell, 
round, entire, about lOjut in diameter j sarciniform conidia, dark, four celled, 
globose; fusiform conidia bron, tranversely sepwtate: fruit bodies few, sub- 
globose, same color as the mycelium, at firt parenchymatous and of elongate cells, 
later -without cellular structure, sometimes breaking irregularly and exposing a 
clear hyaline substance, 60-80 u in diameter; asci ovoboid, S-spored, few in 
number, 36-45jLi in diameter, spores two celled, unequally septate, one cell round, 
the other conical slightly eonstrieted, thick walled, light olivaceous, 20 X 
(Plate I. Pigs., 5-6-8). 

Plagulae semper epipliyllae, tenues, irregulariter densiusculeque sparsae, su- 
perfidaliae, atro-grissea, plus minus eftusae et magiiam folii partem oceupaiites; 
mycelium ex hypMs plerumque rectiusculis, remotiusculis septatis pellucide 
bruiieis constans; hjq:)hopodia alternantia, continua, leves globosa; conidia sar- 
ciniformes 4~eelMaria, fnliginea; eonida fusiformes brnnneas, septata ; peri- 
theeia pauca, subglobosa, myeelio concoloribus, contexto primum parenchyinatico 
dein superne anliystus per aetatein irregulariter disrupta, stratum interins dia- 
phanuni hyalinum reiiiiquentia; asci ovoboidis oetoni, puaei; sporae uniseptatae, 
■..loculis plerumque parum fnaequalis. 

A folia viva Bur sera tomentosa Tr., y Planch, Prope Parapara, ad 
vias, Chardoii et Toro No. 712. (Typus). July 27, 1932. 
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The species is closely related to ScJiijfnenda pulchra (Sace) Pet. 
with which it has many points of similarity, such as the shape and 
form of the young perithecia and the possession of two diiferent types 
of conidia. It may be said it is a parallel species which has de- 
veloped under different environmental conditions. 

The systematic position of the genus Schiffne^^ula v. Holm, has been 
amply discussed by Petrak (Ann. Mye 26:395. 1928). However, 

he based his conclusions not on examination of the type species ; but 
on other material referred to that species. The same is true with 
respect to the genus Quesiief'ia Arnaud which he considers a synonym, 
differing from Schiffnemla v. Hohnel in the possesion of Sareinella- 
like bulbils. 

The author was fortunate to study both, the type of Sohiffnerula^ 
8. mirabilis v. Hohn and of QuesUeria-, Q pulchra (Sacc.) Arn., and 
to compare these with the specimens examined by Petrak (Elmer No. 
2007 from Borneo and Rabh. Pung. Biirop. No 2149). In the ease 
of 8. mirabilis v. Hohn, on Passiftora foeiida (Schiffner No. 27 23^ 
Urwald von Depock, Buitenzorg, Java), type of the genus, the gen- 
eral characters are as described by Petrak for the Borneo materiah 
However, there is also present some conidia resembling a brown 
F'usarmm^ Avhich are probably the structures refered to by V. Hohnel 
(Pragm. z. Myk. 330. 1909) when he mentions ^^sitzenden querge- 
teilten condien’b These are also figured in the original package. No 
such conidia are mentioned by Petrak, but they are described and 
figured by Arnaud (Les Asterinees L pag. 188 et. pi. XLI. fig. B. 
1918) for Quesiieria pulcJira (Sacc) Arn. as spores reseinblant a 
celles de^ Pusarium. . In addition to this type of conidia there 
is ill Arnaud’s (Desm. PI. Crypt, de France No. 404)and our, material 
(but not in v. Hohners) a second form. This is of the 8arc/imlla- 
type, four celled, dark brown bulbils sorrounded by a hyaline, gelat- 
inous-like substance. Thus, this Sarcinella-form represents the only 
difference between Questieria Arn. and Schi\ffermda v. HohneL But 
such form is not always constant, ns Qiiestieria ynonotheca (Pnt. & 
Grain ) Arn., the first species described under the genus, do not possess 
said conidia. 

In view of these facts we are inclined to agree with Petrak and 
consider QuesUerm n synonym ot 8€Mff6r7i^da. The presence of the 
bulbis of the Sareinella-type in 8. pidlehr a , in our material, and in 
several other akin forms, can be best explained, using Arnaud's (1. c. 
pg. 189) own words, as ^Hin moyen de resister aux conditions defa- 
vorables dhin elimat different de celni on Pon reeontre liabituelle- 
nient”. „ 
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Antimanoa CIrisleae Syd., Aiinai. 28 : 170. 1930. 

Miiocoffon Cridscafrei Toro Monog. Ilniv. Porto Rieo. 2 : 94. 
1934/ 

An examination of tiie type of Antimonoa at the Farlow Her- 
barinniy Harvard University, show that onr previous determination 
belongs to this genus and that the host is also the same. TliereforCj 
both are corrected here^ 

On Grislea seamda Loefi. Chardon and Guiscafre No. 560, 
Kiioop^s Park. Los Tecpies. 

Asterina echionospora V. Hohn. Sitz. del K. Akad. Wise, in Wien. 

119 : 440. 1910. 

Onr specimen agrees in general characters with the type from 
Ceylon (Tliwaites No. 497) on Ganejera Rheedil The echinnlation of 
the unequally septate spores is typical. This is the first report of 
the species in America. (Plate I, Figs. 4-7.) 

On Ximenia americana L. 

Road Beyond Petare, Chardon and Toro No. 461, July 8, 1932. 

Kerniomyces gen, nov. 

Mycelium superiiciale nullum; stromata sparsa, omnino super tlcialia, dimi- 
diato-seutata,, membraiia basali distincta nulla, strato tegente convexulo reticu- 
lato'plecteneliymatieo plus minus intense olivaeeo-brunneo, plica tennui lineari- 
formi siinpliei rima longidutliiali aperta praedita ; asci numerosi, claYati, octoiii ; 
stratis plus minus crassis contextis separati; sporae elongate fusoideae, jsepta 
■transversals divisae, liyalinae.. 

Est Myriangella Zimm. thyriotheeia linearia longitiidinalis dehis- 
centibiis. ■ ■ . 

, A',myeologo praclaro F. D. Kern,: in Collegi Pennsylvaniensis Pro- 
fessor i. de estndio Flora Tropiealis impirmis merito. ' 

This interesting fungus gives, at first sight, the impression of a 
Lemhosia devoid of superficial myeelium.; The character of the fruit 
body and the absence of mycelinm places the fungus in the Hemis- 
phmriaeea. Shear and Clements-, (Gen. Fung. pg. 99. 1931) include ia 
this Family Hadotia Maine which possess long .fusoid, multiseptate 
spores and longitudinally dehiscing fruit bodies. An examination 
of Maire’s drawings and discussi on,- (BulL Soc. .Sc, Nancy: IH :' 

177, Pig. 2, 1906) shows clearly that his, is an Hysteriaceous form, 
related to the type of Lophodermium oeQWcmg on grasses. Moreover, 
Ms illustration shows that the fungus is subcuticular and not superfi- 
cial, as mentioned in the text. Another genus with spindle shaped 
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spores but siib-cuticular perithecia is Moesziella Pet. In this genus, 
the fruit bodies are borne in a collective stroma and dehiscence is not 
alwaj'S longitudinal. Also Fhychopellis Syd. is a My^rothyrmn 
Besm, opening by long slits. Stigmatophragmia Tehon & Stout has 
also a subcuticular ascoma; Sohizothyrium Desm has two celled spores 
while Phragmothyriella v. Hoehn., as pointed out by the author 
(MyeoL 19 : 71. 1927) is a synonym of Myriangella Zimm, and possess 
a round thyriothecium. 

Type species the following: 

Kerniomyces costi sp. nov. 

Colonies ampliigenous, widely separate, 2.5-5 mm. in diameter grayish black, 
not shiny, smooth; evident superficial mycelium absent; thyriothecia lineal, 
longitudinally dehiscent, lernbosioid, rarely y-shaped by eonfluency, margin entire, 
composed of olivaceous brown, septate cells which form a close network, ap- 
perture 40-80 u wide; exposing the contents which are hyaline when fresh, 
brownish when dry, 123-138 X 176-274p,; asei numerous, ellipsoid, tunicate 
above, short pedicellate, 8-spored, somewhat bent, separated by a thick-gelatinous, 
paraphysoid tissue which is hyaline- olivaceous at first brownish with age, 58-68 X 
18-26; spores filiform, distributed in two row^s or somewhat inordinate, thin 
walled, 3-4 septate, not constricted, hyaline, 29-37 X 4-6 ja. (Plate I, Pigs. 
1-2-3.) 

Plaguiae amphigenae irregulariter laxeque disperseae, atrogriseae, tenues ; 
mycelium superficiale nullum; thryothecia densiniuscuie distributa, semper exaete 
lembosioidea, linearia, recta vel curvata, haud raro in fornian sign! Y conduentia, 
riina angusta longitudiiiali aperta ; asci ellipsoidei, antiee late rotundati, postice 
brevissima stipitati, octoni, sporae distichae vel fascieulatae, clavulatae, liyaline, 
ad septa non constrietae. 

Ad folia viva Coshes maerostacJiys H. B. K., Toro No. 93, prope 
Ocuniare do la Costa ad vias, Dec. 1930. 

Literature Cited 
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Explanation op Plate 

Eerniomyoes Costi gen. et. sp, nov. 

Pig. 1. PLotomieograph of the thyriotheeium. 

Pig. 2. The gelatiiiuos matrix in fruit body. Note the ascus with multi- 
aeptate spores imbedded in it. 

Fig. 3, Photograph of a piece of the leaf of Costus macrostachys showing 
a number of the fruiting bodies. 

Asterina eehinospo-m v. Holm. 

Fig, 4. Leaf of Ximensia americana showing distribution of fungus. 

Pig. 7. Fruit body of Asterina ecMnospora. 

Shiffnenila, parapareyieis sp. nov. 

Fig. 5. High power micophotograpli of mj^celiuiii and bulb ills. Note the 
Fusarium-like brown spore. 

Fig. 6. Leaf of Bursera tomentosa showing the moldy appearance of fungus. 

Fig. 8. Low power micophotograph of mycelium, hyphopodia, bulbilis and 
conidia. 





THE NUTRITIVE VALUES OF SOME FORAGE CROPS 
OF PUERTO RICO ^ 

n. Legumes, Grasses and a Mixture 

By Joseph H. Axtmayer, G-. Bivera Hernandez and D. H. Cook, of tlif? 

Department of Chemistry, School of Tropical Medicine, 

San Juan, Puerto Eico. 

Tlie studies reported in this paper and that publislied previously 
(1) are reports of investigations which aim to gather information 
concerning the nutritive values of forage crops used in Puerto E/ieo, 
or which could be used, after a complete study of their nutritive 
values* This would be especially valuable in the case of new crops 
used in soil conservation, and we believe that studies of this type 
will help materially in encouraging the planting of good forage crops, 
thus reducing the cost of production of milk and other animal by- 
products. Puerto Rico imports large quantities of concentrates for 
use in the dairy industry. 

It seems to be unnecessary to review the literature relating to 
the methods used in conducting such a study, since this has been 
done repeatedly in the States* The papers consulted hav'e already 
been reported in the previous article (1) and are given (2) at the 
end of this Tpaper. 

Mateeials and Experiment ad Details 

The animals used in our digestion trials were native sheep, of 
ages ranging from six to eight months when purchased. 

The grasses and legumes studied, viz., Yaragua and Merker grasses, 
soy bean in bloom and full pod, velvet bean in blooln and full pod, 
and pigeon pea before the blooming stage, were grown at the Station 
at Rio Piedras. The material was cut early every morning and 
brought to us. It was then cut up into pieces ranging from two to 
four iiiehes in length before weighing and feeding. 

cages 3% feet long, 2 feet wide and 3 feet high, were 
used for the sheep. Each cage was provided with a screen top for 
veiitilatiGn and a double bottom for the collection of the feces and 
urine separately. The box eontaining the feed and water can was 

^ Cooperative project between the Agricultural Experiment Station, of the University o£ 
Puerto Rico and the School of Tropical Medicine. 

” Field work was conducted at the Experiment Station at Bio Piedras. 

^ Study inade possible from grant-in-aid of the Bankhead-Jones Act of the U. S. Oon- 
':gress,'''''1936*'. r 
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piaeed in the eage in such a manner as to reduce scattering to a 
iiiinimiiiii. 

The animals Avere kept in a cemented floor stable during a ten- 
day preliminary period on the ration which was to be tested. They 
were then transferred to the cages and the experimental period 
proper, of another ten days duration, was begun. 

The folio-wing data were collected during each of these ten-day 
experimental periods: (1) initial and final weights of the experi- 
mental animals; (2) daily weights of the feed offered; (3) daily 
freights of the feed refused; (4) daily weights of the feces elim- 
inated; (5) daily Auliimes of water offered and refused; and (6) 
daily voliinies of urine eliminated. These data were collected at 
the same hour every day, and aliquots of the feed offered and refused 
and of the feces and urine eliminated were taken to the laboratory 
for analysis. 

All analyses reported in this study were performed in accord- 
ance with the Methods of the Association of Official Agricultural 
'Chemists. 

The solid samples were dried in an air oven at 100° C. The 
composite aliquot samples of the feces and the urine were kept in 
a refrigerator, xylol being added to the urine as a preservative. 
The samples of dried feed and refuse were kept in closed paper 
bags and ground in a Willy mill at the end of each experimental 
period. The feces ivere treated in the same manner. The ground 
material in ■.each case was thoroughly mixed, and sufficiently large 
portions were, put into bottles provided with screw stoppers to be 
preserved for analysis. The indicator used in the titration of the 
acid solution in .Avliieh the ammonia was collected, upon the distilla- 
tiGii of the. diluted solution obtained .during the Kjeldahl digestion, 
was a solution made up of ten parts of a saturated methyl red ■■ solu- 
tion ill 50 per cent of alcohorand one part of a 0.25 per cent solu- 
tion of methylene lOue in water. This indicator gives a. Very sharp 
end-point. 

The results obtained in last year’s exp erim,-ent for-the determina-. 
tioii of the endogenous and;. metaholicAitrogen when sheep were^ fed' 
a nearly nitrogen free ' ration'.'were used in this study. 

Data and Discussion 

A total of fourteen digestion trials, together with all the chemical 
analyses required, was performed' during the year. Table A, which 
records the schedule followed in these trials, contains also informa- 
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tioii regarding tlie stage of maturity of the material, the .fertilizer 
applied and the number of animals used in each trial. We used a 
mixture composed of 1%' parts by weight of Merker grass and 1 
part of pigeon pea in Trial 14 as preliminary to the type of trials 
wliieli are being planned for next year. The number of animals used 
in eacdi trial was larger than that used last year. This was done 
for the purpose of eliminating individual differences as much as 
possible. 

Table I contains a summary of the weights of the wet and dry 
feed and feces consumed and eliminated, respectively, and of the 
volumes of water consumed and urine eliminated in each of the 
fourteen trials. Since the animals would feed ad libitum, the 
amounts of feed and water offered was always greater than could 
be consumed. 

The percentages of nitrogen in the feed, refuse and feces were 
calculated on the dry basis, while in the case of the urine, the analyses 
are given on the percentage by volume basis. These data are given 
in Table II. The highest content of nitrogen in the legumes studied 
was found in the pigeon pea, Trials 10 and 11. It will be noticed 
that the nitrogen in the refuse was found to be either higher, Trial 
10, or equal, Trial 11, to the nitrogen of the feed. This is explained 
by the facts that the sheep consumed the leaves and stems in the 
same proportion as these were present on the fresh feed. Such was 
not the ease with the other legumes. In the case of the grasses, the 
nitrogen in both the feed and refuse was higher for the Merker 
grass than for the Yaragua grass. 

Table III presents the values for the endogenous or urinary 
nitrogen, and the metabolic or fecal endogenous nitrogen excreted by 
sheep fed a low nitrogen but otherwise complete ration. These cal- 
culations have been taken from previous studies in this laboratory 
and are applied in the calculations of the biological values of the 
proteins of the various legumes and grasses studied. 

A summary of the data eolleeted during the trials upon which 
the determinations of the biological values of the proteins are based 
is given in Table IV. The protein efficiency or biological value of 
a feed is taken as the total nitrogen retained by the experimental 
animal in percentage of the total nitrogen absorbed. It is also 
denoted as the percentage of the total intake absorbed. Differences 
in the digestibilities of different proteins do not affect their biological 
values although these may vary with the use the body makes of 
the protein. Sufficient non-nitrogenous food must be taken into the 
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boclv wlieii tlie biological Value of a protein is determiiied so that 
none of the protein will be utilized as a source of energy. There 
iiiiist be an intake of protein large enough to indicate a positive 
balance, but not too high to be in excess of the quantity needed for 
iiiaxiimiiii growth because this excess intake will be effective in lower- 
ing its true biological value. 

The matheiiiathieal formula used in calculating the value is given 
as follows: 


r Biological value — 

too l UFood N-Fond N in feres-Body N in feces)-(Urine N-Body N in urine). 
Food N“(N m feces - Body li in feces) 


or 


lOOX 


Food N retained 
Absorbed N 


The terms ^'Body N in feces’’ and ^^Body N in urine” refer to the 
metabolic nitrogen in the feces and the endogenous nitrogen in the 
urine, respeetivelvu as determined in a digestion trial with the ani- 
mals receiving a nitrogen-free or nitrogen-low ration. The former 
term is obtained by multiplying the weight of the total dry feed 
intake by the metabolic nitrogen in the feces per gram of dry nitro- 
gen-free matter ingested, while the latter term is calculated by mul- 
tiplying average body w^eight of the animal in kilograms hj the 
endogenous nitrogen per kilogram of body weight. 

It will be noticed that the results show low biological values for 
the legumes studied, although they seem to be in accordaiiee with 
the data on iegiimes obtained in the United States. Since legumes 
are rich sources of proteins, a high intake is to be assumed in an 
ad libitum feeding trial, and this will tend to give a low biological 
value. 

The value for the Merker grass is the lowest obtained for any 
of the grasses .studied so far. We are planning to repeat these trials^ 
siiice this grass is believed to be of good forage value. 

Tables V and VI contain the data relating to the proximate 
chemical compositions of the forage crops studied. The methods of 
the Association of Official Agricultural ■ Chemists were used in these 
analyses. Although the material was analyzed for total moisture as 
soon as received, it is possible that some moisture was losf during 
pacMng., and transportation. ; 

, The proximate analyses on . the .dry basis of the feed fed and 
refused and of the feces ' eliminated- are given inbTahles' V 
YIII, respectively. 
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Tlie individual coefficients of apparent digestibilities of the 
nutrients in the legTimes and grasses, as determined with each ani- 
mal in a trial together with the average value for each trial, are given 
in Table IX. There are also included the average biological values 
for each triai which has already been given in Table IV. The per- 
centage of each nutrient in a feeding stuff which is digested is 
termed the coefficient of digestigility, or digestion eoefficient, for that 
nutrient in the feed. The values are computed with the following 
equation : 

Coefficient of apparent digestibility == 

100 1 the feed fed - Substance in the feces eliminahd 

Substance in the feed fed. 

The digestibilities of nutrients in a concentrate cannot be deter- 
mined by conducting digestion trials in which the concentrate con- 
stitutes the whole ration, because of insufficient bulk. Coefficiente of 
digestion of the ash are not given, because at present no method is 
available by means of which correct values for the digestibility of 
mineral elements may be obtained. It has been shown that part of 
the absorbed minerals are excreted through the gut and cannot be 
separated from that part of the feed which is not absorbed. Diges- 
tion coefficients are used in calculating the amount of digestible 
nutrients in a feed, thereby measuring its nutritive value. 

The values for the digestible nutrients per hundred weight as 
determined with the data given above for the legumes and grasses 
studied are given in Table X, There are also included in this table 
values for the nutritive ratios. This term applies to the proportion, 
or ratio, between the digestible crude protein and the combined diges- 
tible carbohydrates and fat. In computing the ratio, the total diges- 
tible fat is multiplied by 2.25 because fat produces this times as much 
heat in being oxidized in the body as do the carbohydrates. 

The formula used in computing the second term of the ratio is : 

(Digestible fat x 2.2S) + (Digestible carbohydrates) 

Digestible crude protein 

of the numerator includes the digestible crude 
fiber. The term nutritive ratio is used to denote the proportion of 
digestible protein in comparison with the other nutrients. 

Nutritive ratios may be narrow, that is, when the feed has much 
digestible crude protein in proportion to the digestible carbohydrates 
; and fat ; ' :and; wide, when the reverse ' is'; true. ;The ' digestibility nf; 
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aE imtrieiits in a feed tend to be lowered as the nutritive ratio^ 
widens. This is especially true for proteins, being less specific for 
the other nutrients. 

' Table XI contains data relative to the yield per cuerda of 
digestible nutrients of the green legumes studied. 

By the use of the average percentages of total protein in feeds, 
the average coefficients of digestion, and the average biological values 
it is possible to compute the ''net protein' ’ values of feeds as shown 
by Mitchell and Yillegas (8). The value is obtained by multiply- 
ing the value for the coefficient of digestibility, which gives us the 
content of digestible protein in the feed, by the biologival value 
and dividiiig by 100, This value may be of use in evaluating a 
feed or diet with respect to its ability to satisfy a given protein 
reqiiireiiieiit or in the preparation of a ration which wonld meet the 
protein requirement of an animal most satisfactorily under specified 
conditions. The data for the "net protein" values for the legumes 
studied are given in Table XII. 

Table XIIl has been prepared to show the total yield in eal- 
ciion and phosphorus per cuercla and per ton of the legumes studied. 

The fattening capacity of the legumes and Merker grass are given 
in Table XIV while Table XV contains a summary of the nutritiv'e 
indexes deteriniiied in these studies. 

Summary 

The biological values of the proteins of the legumes studied range 
from 32 to 63. These are lower than the value for the Yaragua 
grass or for the grasses studied previously. The low values obtained 
for the legumes are explained on the basis of a higher intake of 
protein, when the legumes are fed alone, since- it has been ■ repeatedly 
shown that biological values decrease with an increase in the pro- 
tein leve,!'., intake. Soy bean in 'the. full pod stage yields the, high- 
est biological value of the legumes studied. 

Pigeon peas, before blooming, vsho^v. on the dry basis, the high- 
est percentage of eriKle prote.m and. the lowest for ash of tlre.-iegoimes,: 
w’hile the ether-soluble extract percentage is second highest to soy 
Han ill the full pod stage. 

The sheep fed the Yaragua grass left the greatest amount of 
refuse. This grass has a characteristic odor and taste which seems 
'■■to- make'-dt-:.'un.palatabl.e. • ■■■' 

* A cuerds. is a unit of land measure used in Puerto Rico equivalent to 0.954 of a» 


a«r®. 
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The coefficients of digestibility foi’ the different nutrients are 
lower for Yaragua grass than for the legumes stiidied. 

vSoy beans in the full pod stage of maturity yield the highest 
value for the total digestible nutrients followed closely by the pigeon 
pea in the before-flow^ering stage. 

The nutritive ratios obtained are narrow with the exception of 
the Yaragua grass which have a very wide ratio. 

The yield of total ether-soluble extract in pounds per cuerda is 
highest in the case of the soy bean in the full pod stage of maturity. 
The velvet bean in the same stage yielded the highest weight of 
total crude protein and of total digestible matter. 

The ''net protein’’ values as obtained with the legumes is high- 
est in the case of the soy bean in the full pod stage, being followed 
by the velvet bean in the same stage of maturity. 

Pigeon peas in the before-flowering stage of maturity show the 
highevst fattening value of all the legumes studied. The Merker grass 
value is far below that of any of the Values for the legumes. 
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THE NUTRITIVE VALUES OF SOME FORAGE CROPS 

OF PUERTO RICO 

1 , Grasses. ■ 

Corrections > 

On page 106, tlie third line of the heading of Table 2 should read; ^^and 
Body Nitrogen in Urine per 1000 Grams of Body Weight, Based 

On page 107, under the column headed by '^Body Nitrogen in Urine Per 
Kilogram of Body Weight^’ should read 0.535 instead of 0.801 and 0.372 instead 
of 0.335. Under the column headed by Average Body Nitrogen in Urine Per 
Kilogram of Body Weight should read 0.561 instead of 0.526. 

Table A 


SGHEDULBIFOLLO WED STARTING SEPTEAIBER 22, 1937 TO MARCH 29, 1938 


Trial 

Ration 

Preliminary 

Period 

E.xperimental 

Period 

Animal 

No. 

Starts 

Ends 

Starts 

Ends 

Number 

3 

Soy Bean (in flower) N-P-K 
Otootan variety 

Oct. 12. . 

Oct. 22. . 

Oct. 22. . 

Nov. 1. . 

16-17-18-20-21 

4 

Soy Bean (in flower) N-P-K 
Otootan variety 

Oct. 22.. 

■ Nov. 1 . . 

Nov. 1. . 

Nov. 11. 

40-41-42-43-44 

S 

Soy Bean (in full-pods) N- 
P-K 

Otootan variety 

Nov. L . 

Nov. 11. 

Nov.' 11. 

Nov. 21. 

16-17-18-20-21 

6 

Soy Bean (in full-pods) N- 
P-K 

I Otootan variety 

Nov. 11. 

Nov. 21. 

Nov. 21. 

Dec. 1.. 

40-41-42-43-44 

7 

: Velvet Bean (in flower) N~ 
P-K 

Nov. 21. 

Dec. 1... 

Dec. 1. . 

Dec. 11. . 

16-18-20-21 

8 

Velvet Bean (in flower) N- 
P~K 

Dee. 1. . 

Dee. 11. 

Dec. 11. 

Dee. 21. 

40-11-42-44 

‘9 

Velvet Bean (in full-pod.s) 
N-P-R ' 

Jan. 2.. . 

Jan. 12.. 

Jan. 12,. 

Jan. 22. . 

16-17-18-19-20-21 

10 

Pijieon Pea (before blooming) 
N-P-K 

.Tan, 22.. 

Feb. 1.. 

Feb .1 . , 

Feb, 11. 

lf)-17-lS-19-20-21* ** »’ 

11. 

Pigeon Pea (before blooming) 
N-P-K ; 

Feb. 1. . 

Feb. 11. 

Feb. 11, 

Feb. 21. 

1- 2- 3- 4-40-44 

16-17-18-19-20-21 

1. 

Yaragiia, N and P 

Sei)t. 22. 
Oct. 2... 

Oct. 2. . . 

Oct. 2. . . 

Oct. 12. . 

1 6-17- 18-20-2 P* 

2 .. ...... 

'Yaragua, N and P 

Oct, 12 . 

Oct. 12.. 

Oct. 22. . 

40-41-42-43-44 

'12...':. 

Merker Grass (N only) . . . . 

Feb. 11. 

Feb . 21. 

Feb. 21, 

Alar. 3.. 

1-3-4-10-41': 

13. .• 

Merker Grass (N only). ... 

Feb . 21 . 

Mar. 3. . 

Alar. 4.. 

Mar. , 14 . 

16-17-18-19-20-21 

14........ 

Merker Grass (N only) 
Pigeon Pea (before 
blooming) 1,...,. . ....... 

, 

Mar, 9. . 

Mar. IS. 

Alar. 19. 

Mar. 29. 

1-3-4-5-6-41 ; 


*Ali animals in preliminary period. 

**This trial is not included in the calculations. 
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SUMMAllY OF THE WET AND DBY FEED AND FECES CONSUMED AND ELIMINATED RESPECTIVELY, AND OF THE WATER INTAKE 

AND URINE ELIMINATION IN TEN-DAY METABOLISM EXPERIMENTS 
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Table II 


PER CENT NITROGEN IN FEED FED, REFUSE LEFT, FECES AND URINE 
(Feed, kefuse A]s*d feces analtses, per cent on dry basis) 

(Urine analyses, per cent by a^oldme) 




Nitrogen 

Nitrogen 




Trial 


in 

in refuse 

x\nimal 

Nitrogen 

Nitrogen 

No. 

Eat,ion 

feed fed 

left 

No. 

in feces 

in urine 



% 


% 

% 





16 

1.71 

0.37 





17 

1. 84 

0. 61 

3....... 

Soy bean (in iiower) Otootan. . 

2. 42 

1, 64 

18 

1.93 

0.60 


variety 



20 

1.90 

0.65 




21 

2. 00 

0. 54 





40 

1.70 

0. 56 





41 

1. 67 

0.54 

4 

Soy bean (in flower) Otootan. . 

2.66 

1.82 

42 

1. 86 

0. 57 


variety . 



43 

1.70 

0.53 





44 

1.71 

0.53 



i 


16 

1.83 

0. 42 





17 

1.97 

0. 82 

5-: 

Soy bean (in full pods) 

2.60 

1.55 

18 

2. 13 

0. 83 


Otootan A’ariety 



20 

1. 98 

1. 07 




21 

2.40 

0.92 





40 

1.91 

0.79 





41 

2.11 

0. 95 

6 

Soy bean (in full pods) 

2.58 

1.61 

42 

2.16 

1.05 


Otootan variety 



43 

1.84 

1. 00 





44 

1.98 

1.29 





16 

2. 23 

0. 45 

7 

Velvet bean (in flower) 

2.48 

1.67 

18 

2. 45 

0. 62 




20 

2. 40 

0. 65 





21 

2. 64 

0.52 





40 

2. 69 

0.74 

8 

Velvet bean (in flower) 

2.53 

1. 67 

41 

2. 99 

0. 68 




42 

2. 61 

0. 65 





44 

2. 63 

0.78 





16 

3. 36 

0.41 





17 

3.58 

0. 45 

9 

Velvet bean (full pods) NPEI. 

2.61 

2.05 

18 

3. 36 

0.45 





19 

3.06 

0. 41 





20 

3. 57 

0.41 





21 

3. 69 

0. 53 





1 

2.87 

1.42 





3 

2.69 

2. 12 





4 

2.83 

1. 58 

10...... 

Pigeon peas (before blooming). 

3. 42 

3. 57 

40 

2.55 

1. 35 


K-p-K 



41 

2.56 

1. 17 





16 

2.61 

1.07 





17 

2.74 

1.67 





IS 

2.83 

1. 86 

11...... 

Pigeon peas (before blooming). 

3.05 

3. 05 

19 

2.72 

1.24 


N~P-K 



20 

2. 44 

1.92 





21 

2.81 

1.35 


Yaragua— N and P 



40 ■ 

1. 22 

0. 19 

2...... 

0.80 

0. 44 ' 

41 

1.34 

0. 12 





42 

1.37 

0.24 .. . 





43 

1.21 

0.20 





44 

LSI 

0.19 





1 

1.92 

0.55 

n:..... 

Merker grass (N only) 

1.80 

1.33 

3 

4 

2.16 

1.85 

0. 66 

0. 45 





40 

1.80 

0. 49 





41 

,1.67 ■■■;,! 

0.46 





16 

1. 38 

0.34 

13 

Marker' grass (N only) 

L56 

3. 05 

17 

18 

- 1.47 ■ 
1.49 

0.39 

1 0. 40 





19 

1.40 

0. 42 






1.38 

0. 35 





■.■;2L"', 

1.41 

0. 45 





i 

2.50 

0. 56 

14,...,.. 

Merker grass (N only), iv.,.. 

1.97 

1.16 

3 

4 

2.40 

2. 51 

0. 71 

0. 48 

B 

Pigeon p.eas (before , ,, 



■" s . 

- ' '■ ' ft " ' - 

2.42 



0, 71 

n Kfi 
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Table III 

MAINTENANCE REQUIREMENT OF LAMBS AVERAGING 16.96 KILOGRAMS IN 
WEIGHT, BODY NITROGEN IN FECES PER GRAM OP DRY MATTER INGES- 
TED, AND BODY NITROGEN IN URINE PER KILOGRAM OF BODY WEIGHT, 
BASED ON TEN-DAY TRIALS DURING WHICH NEARLY NITROGEN-FREE 
RATIONS WERE FED 


Remarks 

Lamb 

No. 

Body 

Nitrogen in 
Feces 

Per Gram of 
Dry Matter 
Ingested 

Average Body 
Nitrogen in 
Feces 

Per Gram of 
Dry Matter 
Ingested 

1 

‘ Body 

Nitrogen in 
Urine 

Per Kilogram 
of Body 
Weight 

Average Body 
Nitrogen in 
Urine 

Per Kilogram 
of Body 
Weight 


lA 

0. 0041 


0. 535 



2A 

0. 0051 


0. 372 



3A ! 

0. 0036 


0. 441 


Value obtained in the year 

IB i 

0. 0038 


0. S30 


1936 to 1937 

2B 

0. 0046 


0. 626 



3B 

0. 0046 

0. 0043 

0. 565 

0. 56i 



SXJMMAKY OF METABOLISM EXPEBIMEKTS UPON WHICH THE HETEBMINATION OF BIOLOGICAL VALUES OF PBOTEINS IN THE LEGUMES 

and GKASSES IS BASED 


468 TH® JOURNAL OP AGEICULTURE OP' THE UNIVERSITY OP P. B. 


-o|oiq aSBiaAV 


aHfBA 

|B0l201Oia 

t— ■«!<< Tf< <-< SlOOeO-TfO 1— 'fH»OCCtOTf< eocotoc^ IrH 

COMOOCOCC CO lO sC ]>* ‘C IC CO cO CC M5 »0 lO m CO kO no 

' *in0-panre!|ai 
n®3oi?ra pooj 

60. 16 
33. 39 
42. 06 
48. 27 
35.26 

88. 59 
73. 95 
58. 78 

80. 17 
89. 84 

121. 61 
122. 20 
121. 97 
143. 08 
102.82 

168. 15 
126. 93 
142. 61 
136. 2S 
145.80 

96. 91 

90.18 
93.65 
80. 61 

106. 10 
63. 25 
89. 12 
86.0) 

'iii£)-9nTJii m 

pod^ 

83.80 
108.89 
82. 12 
01.02 

79.01 

92.93 
120. 66 
104. 76 
100. 64 
90.67 

79.02 
104. 98 

69.50 
62. 16 

77. 19 

60.20 
104. 38 

84. 34 
92.96 
81. 92 

76. 15 
80. 32 
74.70 
75.08 

55.84 

§7.33 

§7.07 

83.81 

•rao-^nini HI 

1 ii83oi:|iii ^Cpog 

OC^'H^r-ieO CSC!iO?OOb- COOCNI-«jHkC OOr^iO-clHOp CCCOQC-T 

£'-OOr-(r^ r-.C^t'ThOC kOCJO»OC5C iNI^O-^eC ■cJtT-COOCIS 

t^cdt-^osod c»o 6^^C5 t^ccJt^csoe ciodo^MO occcaScc ‘^cn2"3' 

•'dO-SOTjn HI 
H8gOI!|lXI |H;iOX 

OS'-JCOSCi'** MkrtaOM-ctf OOOOMffirJ' oeiCCDOO C^r-l-ctlOS' feOSlScO 

»OOit^»^CC »-cc35’'4^>-i^ »01>OC<C^* "C^r-tportiaa cDcOtO'Cf* C^-cttooi> 

Jcoosood MoQcoc-io tdcot^r4ic O5ccco»rfc4 -rHod'^cd 

CB^OOOaO OcSr-Ci-lO OO I-H »>.eC0O CCr-lCSOOi' OOOCOOOO CD05C»Cfc 

•TnO“^20SOJ'ilH 

paqiosqy 

134. 05 
142,28 
124.78 
139. 29 

115. 17 

181. 52 
194. 61 
163.54 
180. 81 
180. 41 

200. 63 

227. 18 
191. 47 
195. 24 
180. 01 

228. 35 
230. 31 

226. 95 
229.24 

227. 72 

173. 06 
170. 50 
168.26 
155. 69 

161.94 
150. 58 

176. 19 
169.81 

•mO“sao8j HI 
H 8 S 0 I!HH po6j[ 

13. 13 
17.83 
17.40 
20.48 
18.39 

18. 14 
29.80 
19. 87 

15. 64 
17.32 

15. 12 
22.78 
11.82 

14. 64 
19. .53 

15.60 
28. 55 
25.94 

26.61 

24. 12 

19.17 

^.29 

19.77 

21.96 

23. 97 
52.47 
35.74 
30. 61 

•inO-S308J HI 
H920J!JIH Xpog 

22.92 
25.70 
22.05 
25.31 
19.81 

28.88 

30.99 

24.57 

28.03 
28. 37 

28.43 

34.22 

24. 97 
26.80 

23.93 

29.86 
33. 84 
32.25 

33.04 

31.97 

28.49 
28. 12 
27.41 
24.74 

24.69 

29.10 

31.39 

!^.43 

•Hi£)-n93oi!|in 
IH08J IHioX 

36.05 

43.53 

39.45 

45.79 
38.20 

47.02 

51.79 

44.44 
43. 67 

45. 69 

43. 65 
57, 00 

36.79 

41.44 

43. 46 

45.46 
62.39 
58.19 

59.65 
56.09 

47.66 
48. 41 
47. 18 

46.70 

48.66 
81.57 
67.13 
59.04 

•tn£)-03f8:^Hi 

nsSojaijq 1 

147. 18 
160. 11 

142. 18 
159. 77 
133. 56 

199.66 

215. 41 

183. 41 
196. 45 
197. 73 

215.76 
249. 96 
203.29 

209.88 
199.54 

243. 95 
268. 86 

252. 89 
255. 85 
251. 84 

192.23 

190.79 

188.02 

177.65 

185. 91 
203.05 
211.93 
m42 

*rao-.«ja 

paaji i 

ob*QOco<as coeocoonti. i-tc* £>.£«« 'cjiOCBW'cH tfiooco C 3 qoOi-f 

COt-^eStJOO T-*Qr-K'-<C» i-cwsocoeo 'ct<r^OSOOfC’ "Cf^tDOk-t 

COa>r-(oC^CO t-OCt^kOWS COCBOOC<«3 CJSOC'ctkCO'!!}' tCJkOCCt^ «>t^CQCO 

kO ko ua «$■ Tjc ot>r»i5 csTso af t>r ud’ CO wd cc tc' tc kif iff od'iCefs’ 

i 

CDQO-cikOO OCQkOiMCO asc0005'-t cOO-^OkO CBkOepQ? «>-t^OCO 

isgss 

wdorcocaeJ kooogkO’cjT Oi'c<re4'-ch rf . «d irj r4' oadcaco 

coeceococo cocOMClcsi c^eceoeccO cofococo eocococo 

I 

1 

k* 

xt 

. s 

03HJ9AY 

14.63 
15.25 

13.38 
17.32 
16.59 

17.47 

16.76 
22.28 
21.83 

18.77 

14. 38 

16.73 
14.29 
17. IS 

15.31 

17.64 
16.67 

22.91 
^.65 

19.73 

16. 11 
15.76 

18.32 
15.99 

17.92 
17.41 

24.33 
m76 

•sh 

13.83 
15.08 
13. 95 
17.58 
16, 22 

17.68 
15, 76 
22. 91 
22.00 
19.28 

15.04 

17.69 
15.08 
17.24 
15.76 

17. 58 
16.90 

23.59 

23.70 
19.73 

16.33 
16. 33 

18.71 
16. 33 

18.37 

17,46 

25.06 

20.98 

'33 

CSJ (N »0 lO lO CO CO CO CD (McOONcp Ci "ct* CO CS fO QO CD M <0 kO C& CO 

tjc'^ooocd coi>.eocoex co^tfcSkSK co?^ao«5 iScokftko 

uskocJt^o t^kOk-c^co eckOcdr^k^jJ iScoMcdo* kowot-^io iiSt--cdc? 

r-C r»i 1 ~C »-l »-< W tH CMCiJ t— ( r-tr-Ci— fi-Hr— 1 'r^»-COJC^r"k .~k»-<c505 

*0^1 fBHItHy 

ss;°sgs 39^53: ssffigs sgss? sags 9595 


Soy bean (in flower) ..... 

Soy bean (in flower). . .. . 
Otootan variety 

Soy bean (full pods) . . . . . 
Otootan variety 

Soy bean (full pods) ..... 
Otootan variety 

Velvet bean (in flower)... 

Velvet bean (in flowei).. . 

•oi<[ ppj, 

1 ^ .. . kO 't.!, "■dS'/',:' 



MXrmiTIVB VALUES OP SOME PORAOB CROPS 


46 S 





r -r^ VD e*3 


O O iO CO W3 


lOOt^OOO 


00 00 t'* *0 OO CO 


M csi oo ec 

ecos kfi r-H 


oOQO»o»raog 
CO CO CO CO CO 


cp 53 o CO oo CO 
od oi 00 cd 04 q6 


oo oO OO CO 
CO '!}< cci us 

vdi> ed04O 


0004 t^oc 


»-l O 00 Od 

CO'^OCCSCO 

t>^t-^l >^040 


O O O !- 


C0t^t>-C40 r- 




ttl o CM « 


S 5 § 8 $ 3 g 

cd 00 r>^ cd 


S o o§ 


OOCdOCCOOO 


iSgFi 888 S 8 


iO T-t cO CM CO 

O 04 CJ o o 


00 OO ■4' CM rtl 
ed ci CM 04 


OtHOOCO-c 

^ cMed-^Hodo 

»0 Tj* -Cfl "Cf* ■>!}( O I-H »-t T~* « 


'-(CMO-M^kOO 
cd ud CM cd 




M 5 CO CM Tfi 


rH CM UO «0 CO 
r -4 rH OOaO-M* 

cdwoir-Jcd 


ooS 5 ^oc 5 

00 kd '-H CM -Tii 


04 00 04 »0 CO 
"liC 04 04 CM 04 rtt 

uo ed tC cd 


s§:^S;^S 8 


2 SS SSSgs 


SS S 3 13 ! 55 P n: 

04 O oO t'- ur 




CO o oS eo$ « 


;ssb’S 8 !§* 


§? 2 S 58§8 


? S S 5 ! oo 




ISSSiS 


c|^«c 4 o 


ocs cd «ci»d 

® jHOOt^cOOO 


gslsss 


1-4 CO ed od q6 CM 

MO '!f^ " 9 ^ 1-1 CO CO 




odocTco® sCce? 


04 00 -ijt I-IIC 
CO g M 

•cj 4 ' njr 


8 ? 5 g 


5t-coc 


sISiS 


OiO cC CO icH wo "«»< iO 


cocd'ed ccTor 


5 04 MO r-M r— 
5 c- CO CO r -.04 
» CO r-< iH CO CO 


0 COCO QQO 


t-t^t-MSeoco »OcoeocO‘OC» 


oor-Qc 
Seocgti-cfi 
5 QO 04 COM 




CM t— r- O CM 04 

So 04 8 C§ CO «5 

^cf Sf 8 


g l>. 10 *0 t>- 
0 ^ 00*0 
DO CO 04 cO -Cl 

8 c^ca 


CO o co-^ *o 

;ssSmS 8 




CO CO CO CM eo o 


J>;Cn^oOpeD 




c 5 So cSo 


S 8 S 3 ; 2 : 8 S 




c®t— cMcooo O'il<eo»>o> 


'c} 5 i- 4 os CM<*d-dir 4 c»CM 


j^gggsss 

cdt^»dcdodcd 


1-4' "ijJ ed 00 


8 8 ?m 2 ; 2 ;^s 


5 S? 255 S 

sssssis 


1^8888 

cd'di cdodcd 




afe 8 g?:lfe 
d ii Sh si 


5 t- 'i*' CM 00*0 


00 od t- cd c» t4 


S 9 SS 8 g 

od t>^ CM CM tC 


O CO CM l>- 04 


O 05 OT CM COCO 
fid 04* Od i»J -4 04 


ci 04 0 1 -i CO CO' 

s;^:ssssl 


Q 

5 > 


CO CD 

00X1 


bOja 

S'"' 


Pm 

'2 


I 


i? 


CD 

M 


? 

Si 

0*2 


gag 

: &gf :' 

|.§3 



470 THE JOUR..NAL OF AGRICULTURE OP -THE UNIVERSITY OP P. E. 


Table V 

ANALYSES OF GRASSES AND LEGUMES 
FED 


WET BASIS 


1 

s 

Item 

Total moisture f? 

Crude protein 
(N X 6.25) % 

Ether-soluble 

extract-^ 

Crude fiber % 

Carbohydrates % 

Ash % 

Calcium % 

Phosphorus % 

3..,.. 

Soy t>ean (in flower) 
Otootan var. N“P-K . . . 

83.60 

2.48 

0.60 

5. 36 

6. 05 

1. 91 

0. 233 

0. 0424 

4.... 

Soy I)ean {in flow-er) 
Otootan var. N-P-K. .. 

83.95 

2.67 

0. 46 

4, 98 

6. 05 

1. 89 

0. 236 

0. 0403 

5-... 

Soy toean (full pods) 
Otootan var. N-P-K . . . 

76.68 

3.79 

1.32 

7.23 

8. 52 

2. 46 

0. 287 

0. 0606 

§.... 

Soy bean (full pods) 
Otootan var. N-P-K. .. 

74.97 

4.04 

1. 56 

7. 42 

9. 03 

2. 98 

0. 305 

0. 0615 

7.... 

Velvet bean (in flower) 
N-P-K 1 

80.86 

2.97 

0.82 

6. 58 

7.71 

1.06 

0. 232 

0. 0256 

8.... 

Velvet bean (in flower) i 
N-P-K j 

80. 77 

3. 04 

0.79 

6.64 

7.60 

1.16 

0. 233 

0. 0367 

9.... 

Velvet bean (full pods) i 

N-P-K......... ....... 

79.07 

3.42 

0. 48 

5. 85 

9.81 

1. 37 

0, 213 

0. 0379 

10. . . . 

Pigeon peas (before 
blooming) N-P-K 

75.64 

5. 21 

1.46 

7.49 

8.79 

1.41 

0. 217 

0. 0590 

11.... 

Pigeon peas (before i 

blooming) N-P-K 

74.21 

4.92 

1.43 

7.88 

10.07 

1. 49 

0. 245 

0. 0526 

1..., 

Yaragua (N and P) | 

75.18 

1. 15 

0.66 

9. 63 

11.56 

1.82 

0. 0779 

0. 0437 

2.... 

Yaragua (N and P) 

74.44 

1.28 

0,77 

10. 10 

11.42 

1. 99 

0.0832 

0.0518 

12.. ..i 

Merker grass (N only) . . . 

79.51 

2.31 

0.72 

6.52 

8. 56 

2. 38 

0.079 

0. 0320 

13. . . . 

Merker grass (N only) . . . 

79.51 

2.00 

0.71 

6. 64 

8. SO 

2. 34 

0. 060 

0. 0322 

14. . . . 

Marker grass (N only) 
plus pigeon peas 
(before blooming) 1..... 

I 74. 71 

3.11 

0.99 

8.45 

10. 75 

1.99 

0. 177 

0. 0448 



Trial No. 
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Table VI 

ANALYSES OF GRASSES AND LEGUMES 
FED 


DRY BASIS 


Trial No. 

Item 

Total solids ^ 

Crude protein 
(N X 6.26) ^ 

Ether-soluble 

extract-^ 

Crude fiber % 

Carbydrates % 

Ash % 

Calcium % 

3. . . . 

Soy bean (in jaower) 
Otootan var. N-P-K. .. 

16.40 

16. 13 

3,63 

32.70 

36. 88 

11.66 

1.42 

4. . . . 

Soy bean (in flower) 
Otootan var. N-P-K. . . 

16.05 

16.63 

2. 84 

31.05 

37.70 

11.78 

1.47 

6 .... 

Soy bean (full pods) 
Otootan var. N-F~K. . . 

23. 32 

16.25 

5. 65 

31.00 

36. 57 

10. 53 

1.23 

6 .... 

Soy bean (full pods) 
Otootan var. N-P-K. .. 

25.03 

16. 12 

6.22 

29. 65 

36. 11 

11.90 

1. 22 

7..., 

Velvet bean (in flower) 
N-P-K 

19.14 

15.51 

4.27 

34. 38 

40. 29 

5. 55 

1.21 

8.... 

Velvet bean (in flower) 
N-P-K 

19.23 

15.80 

4. 10 

34. 56 

39. 53 

6. 01 

1.21 

9.... 

Velvet bean (full pods) 
N-P-K 

20.93 

16.36 

2. 31 

27.95 

46. 84 

6. 64 

1.02 

10. . . . 

Pigeon peas (before 
blooming) N-P-K 

24.36 

21.38 

6.00 

30. 75 

36. 11 

0. 76 

0.89 

11.... 

Pigeon peas (before 
blooming) N-P-K 

25.79 

19.06 

5. 53 

30. 55 

39. 07 

6. 79 

0. 95 

1.... 

Yaragua (N and P) 

24.82 

4. 63 

2.64 

38.80 

46. 61 

7.32 

0.314 

2.... 

Yaragua (N and P) 

25,66 

5.00 

3.03 

39.50 

44.74 

7 . 77 

0. 326 

12. . . . 

Merker grass (N only) . . . 

20.49 

11. 25 

3.52 

31.80 

41. 82 

11. 61 

0.378 

13.... 

Merker grass (N only) . . , 

20.49 

9. 76 

3.47 

32.40 

42. 98 

11.43 

0.294 

14.... 

Merker grass (N only) 
lu plus pigeon peas 
(before blooming) 1 

25.29 

12. 30' 

3.91 

33. 45 

42. 49 

7.85 

0. 70 




0.259 

0.251 

0. 260 

0. 245 

0. 134 

0.191 

0,181 

0.242 

0.204 
0.176 
0.203 
0. 156 
0, 157 


0. 177 
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pigeon pea (before blooming) 1 25,29 
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(before blooming) N-P-K.... ....! 1 I 39.53 I 17.94! 6.66! 35.40! 29.88 
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Coefficients of apparent digestibility 
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Velvet bean (in flower) N-P-K... i 40 Pec. 11 to Pec. 21, 
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Table X 

©IGBSTIBLE NtJTEIENTS IN 100 LBS. OF LEGUME AND GRASS FEEDING aTItFPS AS OUT 
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Tj^ble XI 


DIGESTIBLE NUTRIENTS PRODUCED PER CUEEDA* OF GREEN LEGUMES'^® 


Trial 
No. , 

Ration 

Dry 

matter 

lbs. 

Crude 
protein 
(N X 6.25) 
lbs. 

Crude 

fiber 

lbs. 

Nitrogen-! 

free 

extract 

lbs. 

Ether- 

soluble 

extract 

lbs. 

Total 

digestible 

matter 

lbs. 

3..... 

Soy bean (in fl®wer) Otootan 




i 

a 



var 

1, 968 

217 

380 

530 

43 

1,224 

4. . . . . 

Soy bean (in flower) Otootan 








var 

1, m 

243 

341 

537 

28 

i 1, 184 


Average 

1, 947 

230 

; 361 

534 

^ 36 

1, 204 

5..... 

Soy bean (full pods) Otootan 








var 

3, 731 

485 

682 

996 

166 

■ 2,537 

6 

Soy bean (full pods) Otootan 








var 

4,005 

497 

629 

969 

207 

2,561 


Average 

3,868 

491 

656 

983 

187 

2, 549 

7 

Velvet bean (in flower) 

4, 976 

579 

975 

1, 502 

142 

3, 376 

8. . . . . 

Velvet bean (in flower) . . . 

5, 000 

537 

985 

1, 584 

138 

3, 417 


Average 

4, 988 

558 

980 

1, 543 

140 

3,397 

9 

Velvet bean (full pods) 

5, 860 

681 

966 

2, 333 

! ^ 

96 

4, 194 

10 

Pigeon pea (before flowering). 

2,436 

313 

270 

572 

86 

1, 349 

11...... 

Pigeon pea (before flowering) . 

2,579 

315 

307 

725 

! ' • 90 

1 1, 550 


I' Average 

2, 508 

314 

289 

648 

88 

1 1,450 

i 


*One cuerda equals 0,954 acre. 
**Ali fertilized with N-P-K. 


Table XII 

NET PROTEIN VALUES OF COMMON LEGUMES FED SINGLY AND IN 
COMBINATION TO LAMBS WET BASIS 


Trial 

No. 

Ration 

’ 

Protein in feed 
consumed per 
cent 

CoefBcient of 
apparent 
digestibility 

Digestible 
protein per 
cent 

Aver, biological 
value of di- 
gestible protein 

Net protein 
content per 
cent 

3...... 

Soy bean (in flower) Otootan var 

2.48 

73 

1.81 

32 

0.579 

4,...,. 

Soy bean (in flower) Otootan var...... 

2.67 

76 

2.03 

43 

0. 873 


Average'. 

2.68 

75 

1. 92 

38 

0.726 

6....... 

Soy bean (in full pods) Otootan var... 

3.79 

80 

3.03 

62 

1.88 

6....... 

Soy bean (in full pods) Otootan var... 

4.04 

77 

3. 11 

63 

1.96 


Average.... 

3.92 

79 

3.07 

63, 

A. 92'' 

7...... 

Velvet bean (in flower) N-P-K 

2.97 

75 

2. 23 

54 

1. 20 

8...... 

Velvet bean (in flower) N-P-K..... ... 

3,04 

68 

2.07 

52 

. ' l OH 


Average 

3.01 

72 

2.15 

,,63 

,1.14!, 

9...... 

Velvet bean (in full pods) N-P-K..... 

3.42 

71 

2.43 

63 

1. 53 

10...... 

Pigeon pea (before blooming) N-P-K.. 

5.21 

60 

3. 12 

40 

1. 25 

11...... 

Pigeon pea (before blooming) N-P-K. . 

4.92 

64 

3.15 

49 

1.64 


Average ... 

5.07 

62 

3.14 

46:. 

S':''' 

14....... 

Merker grass (N only 1= plus 







pigeon pea (before blooming) I....*., 

3.11 

62 

• A. 62,' 

m 

„v,^ 'toa-,'' 
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Table XJII 


YIELB OF OALGIUM AND PHOSPHOKUS PER CUEBDA AND PER TON OF 
GREEN LEGUMES 


Trial 

No, 

Ration 

1* 

Green 

forages 

per 

cuerda 

tons* 

Dry 

legume 

per 

cuerda 

lbs. 

Yield per Cuerda 
of 

Yield per Ton of 

Calcium 

lbs. 

Phospho - 
rus 
lbs. 

Calcium 

lbs. 

Phospho- 

rus 

lbs. 

3.... 

Soy bean (in flower) Otootan var . 

6 

1, 968 

27. 95 

5. 10 

4. 66 

0.86 

4.... 

Soy bean (in flower) Otootan var . 

6 

1,926 

28.31 

4. 83 

4.72 

0. 81 


Average 


1,947 

28. 13 

4. 96 

4.69 

0.83 

6.... 

Soy bean (full pods) Otootan var. . 

8 

3,731 

46.89 

9.70 

5.74 

1.21 

6.... 

Soy bean (full pods) Otootan var. . 

8 

4,005 

48.86 

9.81 

6.11 

1. 23 


Average 


3,868 

47. 38 

9.76 

5.92 

1.22 

7.... 

Velvet bean (in flower) 

13 

, 4,976 

60. 21 

6. 67 

4.63 

0.61 

8.... 

Velvet bean (in flower) 

13 

5,000 

' 60.50 

9.55 

4.65 

0.73 


Average. 


‘ 4, 988 

! 60.36 

8.04 

4. 64 . 

0.62 


I Velvet bean (full pods) 

14 

5,860 

59, 77 

10. 61 

4.27 

0.76 

10.... 

: Pigeon pea (before blooming) 

5 

2,436 

21.68 

5.90 

4.34 

1.18 

11.... 

' Pigeon pea (before blooming) — 

5 

2,579 

24. 50 

5. 26 

4.00 

1.06 


Average 


2, 508 

23. 09 

5.58 

i 4.62 

1.11 


* Yields obtained at the Experiment Station. 


Table XIV 


VALUE OF THE LEGUMES IN FATTENING 


j 

Ration 

Average 
dry 
matter 
ingested 
per head 
Gms. 

Number 

of 

animals 

Number 1 
of days 
in ex- 
periment 

Average 
weight 
of lamb 
Kgms. 

Increase 

in 

weight 

Kgms. 

Increase 

in 

weight 
Per cent 

Soy bean (in flower) Otootan var 

5,968 

10 

20 

18.38 

(S) 0.962 

(6) 6. 23 

Soy bean (full pods) Otootan var...,. 

6,960 

10 

20 

17.44 

: 0. 808 

4. 63 

Velvet bean (in flower) 

6, 464 
6,874 

8 

20 

17. 74 

; 0.883 

6. 02 

Velvet bean (full pods) 

6 

10 

16. 76 

0. 717 

4. 66 

Pigeon pea (before blooming) 

5, 502 

11 

20 

15.70 

1.92 

12. 22 

Merker grass (N only) 

Aferker grass (N only) plus 

6,701 

11 

20 

17. 62 

i 0.246 

1.39- 

pigeon pea (before blooming) 1 

6,911 

i . 

6 

10 

16. 12 

0. 473 

2.94 


(d)— Average decrease in weight. 
(5)-— Per cent decrease in weight. 
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ALTERNATE HOST PLANTS OP THE PINK BOLLWOBM, 

‘ PECTMOPHORA GOSSYPIELLA- (SAUMD.), 

' IN PUERTO EIOO 

By L. OotTETNEY Fife, U. S. Bepartinfint of 'Agi'iculture, Bureau of 
Entomology and Plant Quarantine ^5 = 

Iotbodijction 

A knowledge of the importance that, alternate host plants play 
in the perpetuation of the pink boilworm, Peeti^opliora gossypiella. 
(Saiind.), from one cotton crop to the next is valuable in formulat- 
ing methods for its control. Heretofore this problem has been lit- 
tle studied in Puerto Rico. 

Puerto Rico is comparatively rich in Mnivaceae, the only family 
of plants that has been found to include species attacked by this 
pest, 19 genera and 59 species having been recorded. Other than 
cotton, however, only 5 genera and 9 species of food plants of the 
pink bollworin are found on the Island. The importance of each 
of these food plants in maintaining the pink bollworm in the absence 
of cultivated cotton is briefly discussed in the following notes, 

Montezuma 

Maga, Montezuma speciosissima^ is a tree endemic to Puerto Rico. 
It has been planted along roadsides as an ornamental and for shade, 
but it is also found on waste land in mountain ranges. The tree 
is most abundant in the cotfcn-gr owing region on the north coast 
between Aguadilla and San Juan, The wood is used in making fur**, 
niture, interior woodwork, musical instruments, fence ■, posts, etc. 
The large, showy flowers are bright red and remain on the plant 
several days after opening. Every tree bears nimieyous seed capsules 
which average' IV 2 inches in length' and 1%, inches in diameter, and 
each pod contains several naked seeds. 

The relation between the time of ahundanee of mature seed cap- 
sules on this tree and the seasons of cotton produetion on the north 
coast is shown in Figure 1. It will be noted that few or no mature 
seed capsules are found on this plant during June, July, August, 

^ Working in cooperation with the Puerto Bico Experiment Station of the United 
States Department of Agriculture. 

* The writer is greatly in deht^ to Mr. JosA Otero, Librarian of the Insular Experiment 
Station, for the identification of the various plants mentioned in this publication. 

m 
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md September. Buds and flowers, however, are produced in abun- 
dance during the entire year. 

Counts for pink boliworin infestation were made in the fruiting 
forms of maga during the first week of each month from November 
1936 to May 1937, inclusive. The area surv'eyed included most of 
the commercial cotton-growing districts along the north coast between 
Aguadilla and Camuy (43 kilometers). Large samples of pods and 
buds were taken about every 2% kilometers in this area. 

The results of examination of the mature seed capsules are sum- 
marized in Table 1 and graphically illustrated in Figure 1. It will 
be noted that the average percentage of infested seed capsules grad- 
ually decreased from 30 percent in November 1936 to 1.1 percent 
in May 1937. The highest percentage of infested pods was 54.3 
percent, recorded in November at Camuy. Even as late as April 
the pod infestation averaged 10.6 percent, ranging from 2 percent 
at Isabela to 28 percent at Aguadilla. Also, of 100 pods examined 
at Camuy in March 1937, 41 percent were found infested. It will 
also be noted that the infestation was highest on Montezum<i specio- 
sissima during the dead season of cotton production, i. e., from Sep- 
tember 30 to January 1. The mature seed capsules, however, are 
most numerous during the planting season. They gradually decrease 
in numbers and by June become very scarce. As shown in Figure 
1, the infestation is carried over on these pods well into the growing 
period of cotton. 

At Isabela, Wolcott (1936) found maga pods continuously in- 
fested from September 1931 to June ^1982, the infestation ranging 
from 90 percent in October to 5 percent in March. He examined 
about two samples per month during this period and all were infested. 

The results of pink boliworm infestation counts in large buds of 
maga from December 1936 to March 1937 on the north coast between 
Aguadilla and Camuy are summarized in Table 2. The average 
number of buds found infested was as follows: December, 16.5 per- 
cent; January, 9.3 percent; February, 4 percent; and March, 0.4 
percent The highest infestation in buds was 35.3 percent in Decem- 
ber at Isabela. It will also be noted that buds were not so heavily 
infested as the pods, the ratio being about 1 to 4. 
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FIGURE 1. — ^Relation between the planting, growing, picking, and dead seasons 
of cotton production; mean monthly rainfall distribution; oc- 
currence of mature seed capsules on maga, Montezwma spe- 
ciosissima; and pink bollworm infestation in maga pods during 
1936-37 in the cotton area on the north coast of Puerto Rico. 


Table 1— Pink bollworm infestation in the mature seed cabsules of Montezuma speciossima 
ON the north coast of Puerto Rigo between Aguadilla and Gamut from Novem- 
ber 1936 TO May 1937, inclusive * 

Percentage of seed capsules infested during: 

Distance ^ ^ 



from 


1 






Locality 

San Juan 

1936 1 



1937 




Kilometers 










Nov. 

Dee. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Aguadilla 

141 





17.0 

28.0 

1 2 

Aguadilla. 

139 

48.4 

24.1 

39.7 

15.9 

0.8 

8.0 

6.4 

Aguadilla 

137 





10.0 

5.0 

1 4 

Aguadilla 

135 



9,i 

12.3 

11.0 

22.0 

1.1 

Isabela 

132 


24.1 



7.0 

5.0 

0 

Isabela 

129 



23.5 

7.0 

4.0 

10.0 

3.4 

Isabela. 

125 





6.3 

2.0 

0 

Isabela. 

120 

31.4 

8.1 

17.3 

31.6 

12.9 

9.0 


Quebradillas .... 

Hi 

34.8 

37.5 

33.3 

8.7 

13.0 

13,0 

b 

Quebradillas. . , . 

109 

16.7 



4.8 



0 

Quebradillas. . . , 

107 

11.0 

20.0 

43.4 

10.4 

8.8 j 

4.5 

O' 

Carmiy ' 

102 

13.3 


7.2 

9.4 

8.0 ^ 

6.0 

0 

Camuy i 

101 

54,3 

17.3 

20.8 

, 15.1 

0 

3.0 

0 

Camuy ■ 

99 





41.0 

22.0, 


Average 


30.0 

21.9 

24.3 

12.8 

10.8 

10.6 

l,.l' 










Number of pods 

f Average. . 

51.6 

85.2 

63.4 

96.6 

95.8 

99.1 

116.1 

Examined per 

Max...... 

82 

120 

83 

149 

120 

lOO 

203 

sample 

1 Min-... , . 

30 

37 

44 

48 

62 

88 

61 


(♦) All seed capsules were collected and examined during the first week of each month. 
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Table 2— Pin^ bollwoe.m infestation in large beds of Montezuma spmosmnmxi cm the NoaTii 
Coast of Puesto Rico betw een Aguadilla and Camlty from December 1930 to March 
1937, inclasive. * 


Locality 

Distance 
From San 
Juaii 

Kilometers 

Percentage of infestacl buds durinp:— 

' _■ 

Dec. 1936 

1937 

Jan. 

:Feb. 

n u;. 


141 




0 


130 


IS. 5 

0 

'0 


137 




0 


135 


■ ■■ 1.4 

0 

0 








132 




0 


129 


0 

0 

• 2.0 

• 

12a.-' 




n 

Isabela 

i , 120 j 

35.3 

9.1 

11.1 

3.1 


1 . in 


16.7 

0 

0 



Quebradillas 

109 : 

7.1 . 



{') 

Quebradillas 

107 ; 


,14.0 

14.3 

0 


i 

■ ■ i 




Gainiiv 

102 i 


4.5 

0 

0 

Gamuy. 

101 

7.1 ! 

10. 5 

8.3 

(I 

Caniuy 

99 




0 







AT EE AGE 

i 

10.5 

9.3 

4.0 

0.4 

f 

Average . . . ! 

76.7 

42.61 

28.4 

17.6 

Namlier of buds examined per saiirple -j 

Alax........ 

119 

99 

75 

1 51 


Min 

42 

19 ; 

7 

1 5 


(*) All batis were examined during the first week of each month. 


As many as four mature larvae, have been found in one seed cap- 
sule and three in one bud. In the pods the larvae feed almost 
entirely inside the seeds, holioAving-oiit their contents. "When the 
larvae become ' mature they may tunnel to the outside or remain in 
the seeds to pupate. ■ • 

As shown also in Figure 1, the picking season on the north coast 
occurs during a period' of. heavy-, rainfall and the planting season 
during the driest period. Mr. U. C. Loftin, in an unp'iibiished .report 
submitted in 1931, recommended a reversal of the seasons of (lotton 
production in this area so that the planting season 'would, occur. diiriiig. 
the period of heaviest iminfall and the picking season diiriiig .the 
driest period, thereby establishing uniform cotton seasons for the 
entire island. A further study -"of this problem by .the writer (1937) 
sug®?sted that the seasons of: -eotton' pro.duetion be ad justed' -so /'that 
the dead season w’ould coincide with the period when very few seed 
capsules occur on maga, i. e., from May 1 to July 31 of each year. If 
this were done the pink bollworm would be more limited in finding 
suitable fruiting forms on maga in which to breed up in large numbers 
during the .dead season between one cotton crop and the next. If such 
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changes were effected the planting season would also coincide with 
the. period of greatest rainfall and the picking season with the driest 
period. The growers would greatly benefit by such a practice, since 
a rediietion in the pink bollworni infestation would permit them 
to produce more cotton of a superior quality. 

Thespesia 

Thespesia populnea (emajagiiilia) is a wild tree which occurs in 
waste places on the lower coastal plains, particularly on the south 
coast between Cabo Rojo and Ponce. It has been planted along 
roadsides as an ornamental and for shade. Priiitiiig forms in all 
stages of development may be found on this plant during the entire 
year. The mature seed capsules average about 1 inch in length 
and about iy 2 inches in diameter, and each pod contains several 
nak(^d seeds. 

Numerous seed capsules were examined throughout the closed 
season of cotton production on the north coast in 1936 and 1937. 
As shown in Table 3, the mature green pods were found infested 
from September 1936 to March 1937. During this entire period 
the infestation averaged 3.4 percent, the highest being 14,3 per- 
cent. Thespesia pjopulnea does not, however, become infested until 
after the cotton has been destroyed at the end of the season. These 
data show that the pink hollworm will successfully maintaiii itself 
on this host plant in the absence of cotton for 4 or 5 months. 

This tree has previously been reported as a host plant of Pectir- 
nophora gossypiella in Hawaii by Fiillaway (1909) and Willard 
(1927), in the Virgin Islands, by Loftin (1931., and in Puerto , Rico 
by ..Wolcott and Sein (1931). ■ 


Table 3— Pink bollworm infestation in the mature green seei> cap-sitles of Ihcf^pcshi popalsua 

ON THE NORTH COAST OF PUERTO ElCO FROM SEPTEMBER 1936 TO APRIL 1937. INCLUSIVE. 


Locality 

Date 

exarained 

'NH:n'!„bcr 

exaniined 

Patvont 

1 infested 


: Sept. 9, 1936. . i 
Sept. 15, 1936. 
Nov. 5, 1936. . 

' 100 

■" ■■■ ''325 

'■'■ ■ 0 

Isabela . ............. ... . . . 

i'.' 4' 11 

Qiiebradiilas. . . 

■■■ 100 

!■ •■■ 0 ■. 

3.4 

Isabela. . . . . . . . ....... . . 

Nov, 5, 1936.. 

100 

Isabela............. v i 

Nov. 19, 1936. 

■70 

! M.‘i. 

5.0 

Aguadilla. • 

Nov. 19, 1936. 

'■■:ioo 

Isabela . 

Dec. 11, 1936.. 

100 

1 0 . 

Isabeia . . . , 

Dec. 12, 1936. . 

■■■■■ 100' 

. ' 4;0' 

Isabela. 

Jan, 11, 1937.. 

,.■■■:'■■'■ ■ ■ " .■■64 ■■ 

■■■"'■ '4 '.7' 

Isabela. . . . . . 

Feb. 10, 1937. . 
Feb. 10* 1937. . 

,'■■■': 129 " 

"..'■■■' ■.'S'.O 

Isabela. 

"'■ B7\ 

■'ll, 6 

Isabela. , . , ... . , . : . . . . . ... .■■. 

Mar. 6, 1937. .! 

"■;■:-;,'■■ .100'"'' 

■'"•'■■■■'-'■.L ■■'.■," I' 4.*0^' 

Isabela 

Apr. 5, 1937.. j 

84 

■■■■'.'vl/.W 
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Abelhoschus 

Okra^ Ahelmoschtis esmlenius, is cultivated quite extensively in 
all parts of the Island. Since pod infestations of okra as high as 
50 to 90 percent have been recorded in other countries when this 
crop was growing adjacent to heavily infested cottouj it is con- 
sidered a rather favorable host plant of the pink bollworni, Wol- 
cott ( 1931 ) reports that even young pods may become infested when 
nearby cotton is infested, necessitating quarantine regulations against 
its exportation. Consequently, a means of controlling the pink 
bollworm, it would seem logical to avoid the growing of okra during 
1 he closed season of cotton production. 

Okra has also been reported as a host plant of Pectinophora 
gossypiella in Mjexico by Loftin et al (1921), Ohlendorf (1926), 
and Rude (1932). in Egypt by 'Willeoeks (1916), in Africa by Tay- 
lor (1936), in the Virgin Islands by Lroftin (1931), and in Austra- 
lia by Holdaway (1926). 

Algalia, Abelmoschus abelmoschus^ is occasionally grown in Puerto 
Rican gardens for its musk-scented seeds and for medicinal purposes. 
The large bristly seed pods average around 2% inches in length 
and 1^;4 inches in diameter. Of 129 pods collected adjacent to 
infested cotton at Isabela, 10, or 7,8 percent, were found infested. 
First-instar pink bollworm larvae were artificially installed on 20 
nmture green seed capsules and 10, or 50 percent, became infested. 
One infested pod contained 11 mature larvae and 1 of the third 
instar. These observations indicate that the seed capsules of alga- 
lia are well adapted to the feeding habits of pink bollworm larVae. 

Hibiscus 

The majority of the known host plants of the pink' bollworm 
belong to the genus Hihisieus, of which at least 18 difl:erent species 
liave been reported from various countries of the world. 'Only three 
species, however, were found to he attacked by Pectinophora gossy- 
piBpa; m Puerto Rico namely, H. trilobus, M, hifurcatus^ mid E. 

Of these three Hibiscus trilobus is markedly preferred. 

01 87 pods eolleeted 3 or 4 miles from a cotton area during the dead 
season at Boqueron, 14, or 16.1 percent, were infested. Many pupae 
were found inside the pods, a few pods containing three live pupae 
each. The involucre completely covers the seed capsule except for 
a small opening at the extreme tip. Some of the emerging moths 
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were trapped in this enclosure and died. The seed capsules are 
about inches in diameter and 1% inches in length, and it appears 
that they are well adapted to the feeding habits of this pest. 

Eihtsciis hifiircatus and H. sabd<iri\ffa were grown beside heavily 
infested cotton at Isabela and both became infested. In the former 
species 4.2 percent of the seed capsules were infested and 0.7 per- 
cent of the pods in the latter. 

Hihiscm rosa-sme.nsis (var. Velvet Bed) is a very common oma- 
mental, grown as hedges, along roadsides, and in gardens, at all 
elevations. However this species rarely, if ever, produces seed 
capsules, although buds are produced in abundance during the entire 
year. Of 697 buds collected adjacent to heavily infested cotton, none 
was found to be infested. First-instar larvae were installed on 
80 buds but none became infested. 

Although Hibiscus schkopetalus is quite common, it rarely devel- 
ops seed pods. The buds are small and not well adapted to the 
feeding habits of the larvae. 

Both Taylor (1936) in Africa and Willcocks (1916) in Egypt 
report the presence of the pink bollworm in Hibiscus cannaHnus; 
and one larva was taken in H. muiaiilis by Loftin et al (1921) in 
Mexico. These two species are known to occur in Puerto Bico hut 
only in limited numbers. 

Of 568 seed pods of Hihisctis brasiliensis collected in an infested 
cotton-growing area ov'er a period of several months at Boqueron, 
none was found infested. This plant is quite numerous on the 
southern coast between Boqueron and Ponce. 

No species of Hibiscd(^ hj Fectinophora gossypiella in 

Puerto Rico is sufficiently numerous to be of any importance in main- 
taining this pest during the closed season of cotton production. 

Althaea 

Although Althaea rosea (hollyhock) is occasionally attacked by 
the pink bollworm in Puerto Rico, it is not sufficiently abundant to 
be of any importance. lioftin, McKinney, and Hanson (1921) and 
Rude (1932) report it as a host plant in Mexico, and Willeoeks 
(1916) in Egypt. 

Abutilon 

Quantities of seed capsules of Ahiitilon Mrtww were collected 
repeatedly near infested cotton and placed in rearing cages for 
emergence. Prom 502 pods collected at Boqueron, 2 pink bollworm 
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iiiotlis eiiiergeci Prom all the othei’ collections no stage of this pest 
was ever recovered. The green pods are coated with a resinous 
secretion 'wliieli might serve' as a protection against certain insects. 

It is interesting to note that Hoidaway (1926) reports ri 5 
oetocarpns and A. amplwm as host plants of PectinopJwra goss-ypieltu 
ill West Australia and A. mcUciini in South India; McDonald (1931) 
records it from A. kypoleucum in Mexico but believes it would not 
survive on this host plant in the absence of domestic cotton; and 
King (1917) reports it from lianbiik (AhtiUlon sp.) in Africa, 
Britton (1924) reports the presence of A. indicumj A, umhellaium. 
and A. eommMdaMim hi Puerto; Rico. 

Misceulaneous Records 

Three wild species of inalvaeeous plants are very common in 
Puerto Rico. These are Sida cordifoUa, Malmlwa capiiaia, and MaZ- 
vasfrum sp. Large quantities of these plants were eolleeted repeat- 
edly near infested cotton and placed in rearing cages, but no stages 
of the pink bollworm were ever found in them. HoAvever, species of 
both Sida and Alalvastnm have been reported as host plants of the 
pink bollworm in other parts of the world. 

Numerous seed capsules of Pariti Uliaceim were examined ’for 
the 'pink bollworm, but the results were negative. In most cases 
these fruiting forms were collected in cotton-growing areas heavily 
infested with the pink bollworm. Hoidaway (1926) reports that this 
shrub is a primary host plant of a closely related species, Platyedra 
scuMgera^, in Queensland and New South Wales. 

According to Hunter (1926), Cayla (1921) reports Boinbax mon- 
.giiba (Bombaceae) as a host plant of Peetinophora gossypieMa in 
Brazil' Numerous seed pods of a closely related species, Ueiba pen-, 
fandra.^ wene examined in Puerto Rico, but no stage of this pest was 
found in them. 

Summary 

The seed .pods of three malvaeeous plants, Montemmarspeniosir- 
dma (mkgn), Thespesia populnea .(emajagliilla),, and Alelmmchus 
Mmilendm ioktn, or giiingambo) ' were found to be important host 
plants of the pink bollworm in that they provide a eontinuons food' 
supply for breeding during the dead season of cotton production. 
Several other plant species were attacked, namely, 
moschus (algalia), Eibiscm sabidariffu (vina), Hibiscus irildbus^ 
Hibiscus Ufurcaius (buenas tardes), Abutilon Mrtum (buenos dias), 
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and AUlima rosea (kollyiiock, or varilla de ■San Jose). None of 
these species, liOATever, is -sufficiently - numerous to be of any impor- 
tance. 
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A SEAECH IN THE GUIANAS AND TEINIDAD FOE 
PEED ATOEY BEETLES OF THE 
BAMBOO SCALES 

By K. a. Bautlei't, A/t-womte Entomologist, Puerto Eico Experiment Station, 
United States Department of Agriculture 

Bamboo Scales are Common Throughout ■ the West Indies 
AND Northern South America. 

TliroiigliOHt the West Indies and in nortliem Soutli America 
tliere are two species of scales which eonimonly attack bamboo, Astero- 
lecanium hamibusae (BdT.) and A, wifera (Bdv.)* The former 
species g-eiieraliy eonfines its attack to the culms and larger branches, 
while the latter species usually attacks the lea.ves. In Puerto Eico 
both of these scales are particularly prevalent. Only one species 
of predatory beetle has been recorded as feeding on A. bambtisae in 
Puerto Rico; Wolcott^ records the collection of Scymnillodes cyanes- 
ce7%s var. violaceus Sicard. S. M. Dohanian, in an unpublished report, 
states that ke observed a number of predators feeding on bamboo 
scales ill Trinidad. Director Lee, of the Puerto Rico Experiment 
Station of the United States Department of Agriculture in a trip- 
through the West Indies and northern South America, also observed 
considerable numbers of predatory beetles feeding on bamboo scales. 

. Search :roR Predatory Beetles was Made in British 
AND Dutch Guiana and in Trinidad. 

In cou:iunetion with a trip to British Guiana to obtain the 
Amazon fly, ^ there was presented the possibility of making a search 
for predatory beetles of the bamboo scales. An appropriatioii from 
regular funds of the Puerto Rico Experiment Station also afforded 
an opportunity to visit Trinidad and Dutch Guiana in search of 
thcvse predatory beetles. I wish to take this opportunity to express 
my thanks to L. D. .Cleare, Entomologist, British Guiana Depart- 
ment of Agriculture, G. Stahel, Director Experiment Station, Dutch 
Guiana, and to xAau Pickles Entomologist Trinidad Department of 
Agrieultiire, for their cooperation in the search and collection of 
these predatory beetles. 

Wolcott,' G. N, “Insectae Borinquenses’n The Journal of Agriculture of the Uni- 
versity of Puerto Rico, Vol. XX, No.^1. January 1936. 

“A cooperative project Snaneed L/ the Puerto Rico Sugar Producers Association and 
the Pajardo Sugar Co. 
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Eight Species op Predatory Beetles Were Collected and Shipped 

TO Puerto Eico 

During’ a 4-day stay in Trinidad, six species of predatory beetles 
were found feeding on tlie bamboo scales A. hamhtisae and A, miliaris. 
Tlie following species were collected in the vicinity of the Imperial 
College of Tropical Agrienltnre, St. Augustine, Trinidad, W. ,„W. I.: 
Azifa trmUatis Marsh., Crypt ognatlia nodieeps Marsh., Delphastus 
"sp., Pentilia castmiea Mills., and Pentilia sp. ^ 

In Dutch Guiana during a 22day search for predatory beetles, 
three species were found, namely Azya sp. probably trintatis and 
two species of PenMlia.^ These collections were made at a planta™ 
tion on the opposite side of the river from Paramaribo, Diiteli Guiana. 
Collections were made from bamboo growing along the banks of 
drainage canals. In some eases it was necessary to collect from 
dugoiit canoes, and this factor, together with the constant danger of 
poisonous snakes, made collection rather difficult. 

In British Guiana three species were collected, Azya irinitatiSf 
Pentilm casfanea, and PentPm sp.^. In addition to the above species, 
which were sent to Puerto Eico, there were collected a few specimens 
of Seymnilhis sp. and BelpliasUis sp. and one specimen of Azya 
ponthrianti Mul^, On one occasion on bamboo planted near a sugar- 
cane field several specimens of Cycloneda sanyuima (L.) were ob- 
served feeding on A. mMmris. The shipments of predatory beetles 
sent by air express to Puerto Eico are summarized in Table 1. 


Table i — A si’mmaey of the collections of adult predatory beetles in British and Dutch 
Guiana and Trinidad which were shipped by air express to Puerto Rico, givino 

LOCATION, DATE, SPECIES, AND NUMBER SHIPPED 


Species 

British Guiana 
Sept, 2.') and 
Oct. 2, m? 

1 

1 

Dutch Guiana 
Sept. 4, 1937 

Trinidad 
Aug. 4, 1937 

No. shipped 

No. shipped 

No, shipped 

Azya triniiatis 

292 


•.■10, 

sp, probably trinitatis 


27 ! 

Cry^^iognatha nodieeps 



ii 

' 



639 

t)dpkastm sp ; 



536 

.Pentilia ■ia&tanea 

638 


278 

'Pentilia sp. 0).. ; 

82 

■ 79.'. 

■" 24 

Pentilia sp. (0... ... 


j ■ 133 ■ 


Total 

1,012 

■■ .239 

'■•'•..1,498 


CO A dark brown species with red dots on wing covers, 

(®) A solid dark brown species. 

® Determinations by E. A. Chapin, U. S. Natkmal Mnsenm 
dark brown species with red dots on wing covers. 
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Bamboo Scales Appeared to Be of Little Importance 

IN THE Countries Visited. 

AVliile' botli bamboo scales, Asterolecaniuni hamlusae and A. mi- 
Haris, were readily found in all the countries yisited, it is of impor- 
tance to record that the scale attacks were confined almost entirely 
to a single species of bamboo, Bamhusa vulgaris Sclirad ; this was 
particularly true of A, hambusae found on the culms and of com- 
paratively slight infestation. In Puerto Rico, where natural enemies 
are lacking, these scales are found attacking not only the common 
B, vulgaris, but also most of the more important species of bamboo 
which hav'e been recently introduced from other countries of the 
World. 

The species of beetles collected -were found in proportionate num- 
bers to the adults shipped.' Larvae of all the species collected were 
observed feeding on scales on both the culms and leaves. The adults 
were most abundant in the sunlight. It is hoped that the introduc- 
tion and establishment of these beetles in Puerto Rico may result in 
a reduction of our bamboo scale infestations. 




A DRYINID PARASITE ATTACKING BALDTJLnS MAIDI8 
IN PUERTO RICO 

By E. A. B/VR^rLEiWj Associate Entomologist, Puerto Rieo Experiment Station.^ 
ITuited States Department of Agriculture. 

All interesting parasite of tlie corn leaf hopper, Baldulus mmdis 
(Del. and AV,),^ was observed at Mayagiiez, Puerto Rico, xluring 
August 1937, by "WaUace K. Bailey, Associate liorticiilturist at this, 
the Federal Experiment Station, who called it to the attention of the 
writer. Following observations, collections ivere made and material 
reared for determination. The parasite w^as found to be a new species 
oi (ronat opus very near G. bicolor Ashm.,''^ known to attack Baldulus. 
maklis in the United States. •Ohservations w^ere apparently made on 
the parasite in 1912 by T. H. Jones (1), ivho reared specimens of 
a new species of Gonaiopus from cocoons collected on cane leaves. 
Wolcott (1) records the finding of Baldulus nuiidis parasitized by a 
blue-green strepsipteron, which might easily have been mistaken for 
the larval sac of this dryinid parasite. 

This parasite is antlike in appearance ; the adult females are 
wingless. The forelegs of the female are especially adapted to the 
catching and holding of the leafliopper while inserting an egg in 
the dorsal side of the abdomen. After oviposition the leafliopper is 
released and the parasite begins development. A wartlike protrusion 
develops on the abdomen of the leafliopper. This protrusion is a 
portion of the body of the parasite larva partially enveloped in 
east skins. When the parasite larva becomes full-fed the leafhopper 
dies and remains attached to the under side of the leaf for at least 
a short period. During this time the parasite larva detaches itself 
from its host and spins a white, flat, oval cocoon nearbj^ on the leaf 
or stalk of the plant. From this cocoon the adult parasite later on 
.■emerges.,' 

Gollections of living leafhoppers in the field showed a parasitiza- 
tion rhy ' Gonataptis of 15 percent. The effectVeness of the parasite 
is somewhat reduced by a hyperparasite which attacks the cocoons, 
Speeioaens of this hyperparasite were reared and identified as 
Ooencyrtu^ n. sp,^ 


^Identification by P. W. Oman, Bureau, of Entomology and Plant Quarantine. 
® Identification by A. B, Gahan, Bureau of Entomology and Plant Quarantine, 
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EOOLOGICAL NOTES OM MOSQUITOES ASSOCIATED 

WITH BROMELIADS^ 

By George S. Tulloch 

Bureau of Entomology and, Plant Quarantine, E. S. Department of Agrieultnw 

Epipliytic bromeliads living on a variety of liost plants are con- 
spieiious eleiiients of the flora of Puerto Rico. In- the coastal plain 
tliey a, re found in small numbers attached to maiigToves growing 
near the seashore or to trees growing along the rivers. They arc 
particularly abundant in the dense forest of the moniitaiiis, occur- 
ring in such iiiinibers as to obscure almost completely the trunks of 
Sierra palms and other host trees. Conditions favorable for their 
development appear to be heavy rainfall, high temperature, and pro- 
tection from direct sunlight. Perhaps the nio>st conspicuous brorne- 
liad growing in the mountainous region of Puerto Rico is Catopsis 
herieroniana. 

The epiphytic bromeliad is an herbaceous plant with a shortened 
stem bearing a rosette of leaves and a panicle of flowers. Each 
narrow, lanceolate leaf has a sheath which surrounds the stem, and 
forms, with the sheaths of the other leaves of the rosette, a basin 
in which water and organic material collect. Special hairs, which 
are develoj.>ed on the inner surface of the sheath, absorb water 
and dissolved substances for the plant. In the basins of these plants 
aquatic conditions suitable for the development of mosquitoes, snails^ 
nematodes, midges, crustaceans, rotifers, etc., are found. 

In the mountains of Puerto Rico large numbers of mosquitoes 
are found in bromeliads. Here the heavy annual rainfall (over 100* 
inehes) insures the j>reseuce of water in the leaf basins at all 
times. The water usually is yellowish or brownish, tlie coloration 
lieing caused by the decomposition of leaves and other organic mate- 
rials which are washed into the bromeliads during the heavy rains. 
(Certain observations pertaining to the temperatui^e and pH value 
of the water, as well as to the species eneouiitered, are summarized 
in' Table 1. ' 

The range of temperature of the water in bromeliads contain- 
ing mosquito larvae was 65®-81° P. The temperature was usually 

^ Tliese invest igatiotis were carried on in cooperation with the Federal Experiment Sta» 
tion at Mayagiies!, Piierto Rico, under the technical direction of the Division of Insects Af- 
fecting Man and Animals, with special funds available to the Bureau of Entomology and 
Plant Quai'antine,. U.' S. Department of .- Agriculture, for 'studies on insects, .of Puert.o.: Itico, ' 
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less tliaii F. The higher temperatures are not common, as they 
are foiincl only when the plants are exposed directly to the sun. 
The prevailing ■ low temperatures of water in bromeliads are re- 
sponsible to some degree for the slower rate of development of these 
mosquitoes. : 

The waters in ail bromeliads examined were acid, the range of 
pH value being 3.8-6.6. The only sources of water in these plants 
are rain waters or dew, which has a pH value of 7. The shift to 
the acid condition apparently is a result of the decomposition of the 
organic materials present in the. leaf bases. Possibly humic acids 
are liberated. Although certain protozoa, rotifers, and crustaceans 
have been cited ^ living in waters with a pH value as low as 3.2-3. 8, 
no similar records for insects are available. Mosquito larvae have 
been taken in water with a pH range of 5.8-8.6 but no records 
of insects developing in waters more acid than this are available. 
The bromeliads are likewise living in an acid environment since 
they utilize the water and dissolved materials contained in the leaf 
bases. The method by which a protoplasmic system adapts itself to 
a medium that is strongly acid or alkaline is not completely under- 
stood. The theory that hydroxyl and hydrogen ions penetrate mem- 
branes slowly and are neutralized by buffers within the protoplasm 
appears to be as adequate as any. 

The species of mosquito larv’ae that were taken from bromeliads 
were Wycomyia miteheUU Theobald, Culex mmnmnus (Neveu- 
Lemaire), Megarhinus porioricemis Boeder, and Corethrella appen- 
diculata Grabham. The larvae of W, miichelUi are bright yellow 
and have slightly flattened bodies. Much of their time is spent feed- 
ing over or resting on the debris at the bottom of the water. They 
come to the surface for air less often than the majority of mos- 
quito larvae. The larvae of C. ameriamm have bodies well pro- 
vided with tufts of bristles. They are usually found at the sur- 
face and descend to feed for only brief intervals. The larvaie of 
C, appendhulata are small, active forms which were always asso- 
ciated with one or both of the above species. M. portorieensn: wm 
taken only once in bromeliads at Mar icao, P. R., August 1935, at 
an elevation of 2,000 feet This record is not ineliided in table 1, 
as temperature and pH values were not taken. 


®Heilbrunn, L. V. 
® Ohapman, It. X. 


An Outline of General Physiology, p. 381. Philadelphia. 
Animal Ecology, p. 151. New York. 1931. 


1937. 



Table 1 — Gollectioh eecoeds oe Mosquitoes bbeeding m bkomeliads in Pueeto Rico, 1936 . 
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THE BIRDS OF SABA 


By Stuaet T. Danforth 

College of Agriculture and Meehanie Arts, TJniversity of Puerto BicOj 

Mayagiiez, F. E. 

During the course of a leave of absence granted by the Hono 
Board of Trustees of the University of. Puerto Rico, the author spent 
the first seven months of 1937 making collections and continuing 
investig:ations already begun on the fauna of the Lesser Antilles. 

One of the first islands to be visited was Saba, on which the 
author, aeeoinpaiiied by Mr. Gustavo Biaggi as assistant, spent the 
period from Januaiy 23 to February 4 

Saba is merely a solitar;y extinct and rugged volcano arising 
precipitously from the sea in the northern Lesser Antilles, at a dis- 
tance of 17 miles northwest of St, Eustatius, 21 miles northwest of 
St, Kitts, and 26 miles southwest of St. Martin. Tt is a Diiteli 
possession, and is regarded as a dependency of the colony of Cura- 
sao, though it is approximately 500 miles from the island of that 
name. Although it is a Dutch possession, Englisli is the only lan- 
guage spoken by the residents, and United States currency is used 
for all business except dealings with the government. 

The only ordinary means of reaching the island is by means of 
the small Dutch mail steamer t^Baralt’^ which makes two round 
trips a month between Curacao, St. Thomas, St, Kitts, and the three 
small Dutch islands in the northern Lesser Antilles (Saba, the Dutch 
port of St. Martin, and St. Eiistatius). The landing at Saba is 
very difficult, as ' there is no harbor and the small boat which takes 
passengers asliore from tlie steamer merely lands them on the rocks 
on a heac'Ii in an exposed position on the southern coast. There one 
should count on receiving a dncking from the spray and waves as 
|:)art:; of . the ordinary landing ■ procedure. .A complaining, passenger 
was very simply rebuked by the stolid boatman with the admoni- 
tion This is Saba'i From the landing place, (where the only 
building is a small customs house) , a pathway in large part cut 
as steps in the solid rock of the mountainside leads up to the town 
known as The Bottom, occupying an extinct volcanic crater at about 
900 feet elevation. This is the seat of government, and here resides 
the ‘DTezaghohber’V or district goveimor. After obtaining permis- 
sion from him to riiake our collections, "we continued on up the niouii- 
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tain pathway to another Aollage of about equal size loiowni as Wind- 
wardsicle, at an eleyatioii of about 2000 feet on a shoulder on the 
eastern slope of the mountain, .Here, our friend, Mr. Stanley Johri- 
soii, had made arrangements for us to. stay, there being no regular 
hotel or boarding aeeomodations on the island. This was the cen- 
ter of oiir activities during our entire stay. 

The rugged volcano which comprises Saba attains^ a height of 
2820 feet, according to the British Admiralty charts. Its upper parts 
are known locally as ‘'the Mountain^’, and are clothed by an almost 
pure stand . of tree ferns extending to the very siinimit. At that 
point there is a rather small extinct crater in which bananas are 
planted to protect them from the wind. Some large boulders have 
been thrown up on the rim by volcanic action these constituting the 
extreme liigiiest points of the island. 

Bhoni the higher parts of the mountain there extend down to 
the sea a number of steep walled, deep, rugged ravines known locally 
as ‘‘giits^I These are filled with a dense senii-xerophytic growi^h 
of brusli ■ and small trees,- and together with the mountain top are 
the best places to find birds. The rest of the mountain side (and 
practically all of Saba is mountain side) has rather sparse vegeta- 
tion due to its exposed position and the cultivations of the residents. 
In the northwestern part of the island there is an abandoned cop- 
per mine, comprising various caves and tunnels. Here many bats 
occur. Iguanas and snakes abound in the guts. 

Previous to our visit I find record of only two ornithological 
eolleetors who had visited the island. P. A. Ober visited Saba 
approximately sixty years ago, and apparently collected but very 
few birds (among them the type of Geoirygon sabae). No report 
w^as wTitten on them, but reference to a few specimens in the TJ. S. 
National Museum secured by him is made by Eidgway (TJ. S. Nat 
Mus. Bull. 50). James Bond, of the Academy of Natural Sciences 
of Philadelphia, made a short visit to tlie island in November and 
December, 1928 and collected a few birds which are now in the 
collections of that institution. He published no report on Ms work 
there, but reference is made to a few Saba birds in his Birds of 
the West Indies”. 

I have been able to find published records of 19 species of birds 
(2 of them doubtful) from Saba prior to our visit Eight forms 
were added to the list as a result of our work, bringing the list 
of birds known from Saba up to 28 forms (including three which 
are doubtful). A few records obtained on a very short visit to 
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Saba in December, 1927 wMle travelling on a sailing vessel en route 
to other islands are included. Doubtless this list could be increased 
eorisiderably by long continued observations, chiefly through the 
addition of migratory birds. ■ 

In (Mmnius I must express a debt of gratitude to the many 
peo])le in Saba who most willingly and whole-heartedly assisted us 
in our work. Without the kindly cooperation of De PlV. Gezagheb- 
ber it would have been impossible for us to obtain x^^^'niissioii to 
collect in a place where this is now difficult to obtain. To Mr. H. 
Stanley Johnson of Windwardside we are especially indebted for 
making all the physical arrangements for our stay and for the 
transportation of our luggage and equix)ment, and for many other 
favors shown during our visit. Mr. J. Lambert Johnson, a local 
Ininter who knows every foot of his native island, and who is pos- 
sessed of unbounded energy, was of special assistance due to lu^ 
knowledge of the island and its birds. Without his aid our collec- 
tions would have been much poorer. The greater part of the popula- 
tion of Windwardside and nearby country willingly helped in every 
way tliat they could, and it is a matter of regret that space for- 
bids mention of more of these good people who treated us with such 
iniiversal genuine hospitality and willing helpfulness as is rarely 
found. 

An annotated list of the birds known from Saba follows : 

PiifJinMs Ihermmie/n Uierminieri Lesson 
Audubon 7s Shearwater 
WedrigG 

An adult male and an egg taken from a hole in the rocks at 
11 ell’s Gate (altitude about 2,000 feet) on January 27 were brought 
to me. The egg, wdiieh was fresh, was white, and measured 52 )< 38.8 
inilliineters. The bird had the iris dark brown; bill bluish slate, 
black at the tip; legs and feet bluisli slate anteriorly, the backs of 
tlie tarsi and the soles being black. The species was said to Best 
(XKimiouIy on the higher parts of the island. 

Phaetkon aethereus mesonadd^^^ Peters 
Red-billed Tropic-Bird 
White Bird 

There is a ratlier large nesting eolony of this species on the 
Booby Hill Cliffs. At the time of our visit most of the birds had 
downy young, and it proved possible to find but two eggs, both 
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rather .heavily i.ii.ciibated. Local boys managed to capture con- 
siderable iiiiiiibers of both adult and young birds alive. Of these 
we piA^served three adult males one adult female, and two downy 
young as specimens. The adults had the iris dark brown; bill briglit 
orange red ; legs, base of toes and webs light bluish tinged with 
yellow in parts; tips of toes black. The downy young had the iris 
brown; bill, legKS, and basal part of feet bluish gray slightly tinged 
with yellow; tips of feet and w-ebs black. 

The two eggs collected on January 29 were so completely covered 
with brown, red and bluish speckling as to appear like earth. They 
measured 58.8 X 46.4 and 63.3 X 43.5 millimeters. 

We 'were told that these birds frequent the vicinity of Booby 
Hill Cliffs during the entire year. On December 20, 1927 I observed 
one ot sea about 20 miles north of Saba. The species has not been 
previously recorded from Saba. 

[Phaethon lepturiis cateshyi Brandt. 

Yellow-billed Tropic-Bird. 

Bond (Birds of the West Indies, p. 8) states that he observed 
this species at Saba, but I regard the record as somewhat doubt- 
ful in view^ of the facts that no specimens Avere taken, and that the 
Eed-billed bird is certainly the common if not the only nesting 
species of the island.] 

^ida lemogaider lemogasier (Boddaert) 

Booby 

On December 20, 1927 three were observed at sea some iniles to 
the north of Saba. 

[Bendrocygna aiitumnalis aiiUimnalis (Linnaeus). 

Black-bellied Tree-Duck 

There is an extremely doubtful record by Bond (Birds of the 
West Indies, p, 48) who merely lists ‘"Saba?”, with no explanatioin 
among the islands from which the species is recorded.] 

Bufeo jamaicensis jamaicensis (Gmelin) 

West Indian Red-tailed Hawk. 

Chicken Hawk or Macaw 

Seen regularly soaring over the higher parts of ' the : 
oddly all specimens noted were immature . examples which had not 
yet attained the red tail. One of these, a male, was shot on the 
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top of tlie moiiiitain on January' 30. It is remarkable for being 
smaller than any of six specimens of this race from Hispaniola and 
Puerto .Rico in my collection. . It exhibits the following measure- 
ments: Length (in flesh) 473 ( extent 1,109 ; wing 317; tail 188* 
culmen from base 45.7; culmen from cere 25.1; tarsus 76.3 milli- 
meters. Bond obtained a specimen in 1929, but unfortunately it was 
apparently lost before measurements could be made of it. 

The stomach of the specimen collected in 1937 contained a large 
Tat. , ■ ■ / 

Falco sparverius caTibaearuni Gmeliii 
Antillean Sparrow Hawk 
Killi-Mlli 

Rather locally distributed; observed at Wiiidwardside, on the 
Mountain, and at the Sulphur Mine. Two pairs were collected. The 
stomachs of one pair were filled with lai*ge yellowish brown spiders, 
while those of the other pair contained exclusively crickets. 

Sterna fnscaia fuscata Linnaeus 
Sooty Tern 

On December 20, 1927 a flock of 25 was observed feeding at sea 
some twenty miles north of Saba. 

Zenaida aurita aurita (Temminek) 

Martinique Dove 

.Ridgway records an adult male from Saba. 

Zenaida anrita senadda {BoBZparte) 

Zenaida Dove 
Mountain Dove 

Fairly common ; noted from sea level to about 2,000 feet. , A male 
'eolleeted in Spring, Bay Gut on . January 27^ unquestionably repre- 
aents'this race. 

of the; ■ material from the northern' :'Lesserv 
Antilles in my collection I find it impossible to agree with Wetmorc: 
(Journ. Agric.' U^ P. R.,, 21, 1937, ' p. 11) in Ms) statement that 
zenaida and anrida are distinct speeies, confined respectively to the 
Greater and Lesser Antilles. In addition to the specimen from Saba, 
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I have one from Antigua which is typical mmida . , These ■speeimens 
from lloiitserrat are more or less intermediate, one being closer to 
zemddM and two to amrida. Single specimens from St, Martin. St, 
Eiistatiiis, and St. Kitts are aurifa without doubt. During a fei^ 
hours spent on St. Martin on January 20, 1937 I had the oppor- 
tunity of observing 9 captive birds, all said to have been . obtained 
on St. Martin. Of these two were typioal zemida, three were typical 
m-rita^ and four were intermediate. 

, ' The stomach of the bird collected on Saba was filled ■with seeds, 
some leguminous, and some unidentified hard, round black seeds. 

(Joluml)i(jcdlma passerina nigrirostris Danforth 
St. Kitts Grround Dove 

Six were observed, and a male was collected at Spring Bay on 
January 27. Its bill was entirely dusky brown. 

Oreopelem mysiacea mystacea (Temminck) 

Bridled Quail-Dove 
Wood Hen 

This bird is rather rare, being found in the bnish-gTown guts 
whieh run down the mountain side in Saba. Here the bird is very 
difficult to obtain, the bird^s shyness,., the rugged topography, and 
the dense brush making it difficult to approach within gunshot of 
a bird once it is heard calling. After much effort three birds (two 
males and a female) were obtained at Hell’s Gate Gut^ Island Gut, 
and Spring Bay Gut. These specimens differ in nowise from speci- 
mens from the islands of St. Kitts to St. Lucia. As I Jiave sliown 
in the Proceedings of the Biological Society of Washington, May 
19, 1938, p. 73 Riley’s description of Geotrygon sahae was evidently 
based on an immature bird whieh he mistook for an adult, and 
consequently this name should be regarded as a synonyin of Of 
m, ynysiacea. 

An adult male collected in Hell’s Gate Gut on January 28, 1937 
had the iris orange; the bill rose red at the base and whitish at 
the tip; the legs and feet of a pinkish flesh color, the claws light 
slate. 

The three stomachs contained seeds 68.3 per cent (mostly of an 
unidentified hard, round black variety) ; leaves 5 per cent, and frag- 
ments of some starchy root with a hairy epidermis, 26,7 per cent. 
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Sericotes holosericeus (Linnaeus) 

Blue-breasted Hummingbird 

A few were observed at Wind wardsideA Spring; 
Bay, and on the Mountain, A male was eolleeted at Spring Bay 
„on, January 26. 

Orthorhynchm (Ginelin) 

Gil t-erested Hummingbird 

The commonest of the hummingbirds in Saba, but still scai*eely 
abundant. More were obseiwed near the summit of the Mountain 
(where a male was collected on January 30) than elsewhere. 

Eulamp'is jiogularis (Linnaeus) 

Garnet-throated Hummingbird 

Half a doj^en were observed in the tree fern forest and banana 
plantation at the summit of the Mountain on January 30. The 
stomach of a female (iolleeted contained exclusively small spiders. 

\Tyrannus dominicensis vorax Vieillot. 

Large-billed Kingbird. 

Woodpecker, 

A bird known locally as the '‘Woodpecker”, which answers the 
description of this bird, and is said to perch on the telephone wires 
and sally forth after insects is said to occur on Saba only during 
the summer months. No specimens from Saba have been recorded, 
so the species is listed hypothetically.] 

Elaema msrfmw 

Riise^s Elaenia 

Apparently very seai'ce on Saba, only three being observed during 
the course of our visit, and residents of tlie island knew no imine 
for it. A silent female was collected deep in the ravine of Spring 
Bay Gut on January 27, and another female, also silent, in deep 
brushy woods at Spring Bay the next day, and one was heard sing- 
ing on the top of the Mountain on Januar^^ 30. As I have already 
demonstrated (Journal of the Barbados Museum and Historical 
Society, Vol. S, May, 1938, p. 123), these specimens exhibit charac- 
teristics (particularly those of size) of rwf rather than of typical 
martinica. The measurements of a male from Saba given by liidg- 
way (U.S.NAL Bull. 50, 1907, p. 427) also agree best with nisii. 
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Tlie first stomach eontained two berries, and the second some hard, 
round, Mack seeds, . ' 

CinclmeHMa rnficcnida pmida Ridgway 
St. Kitts Trembler 
Trembling Thrush 

This bird wuis found only in the tree fern growths on the higher 
parts of the inouiitain, and eVen there it is not very common. It 
is said to nest in holes in the trunks of rotting tree ferns, and to 
lay blue eggs. A male was collected in Island Gut on, January 28, 
a male near the top of the Mountain on January 29, and a female 
at the same place the next day. 90 per cent of the contents of their 
‘stoinaelis consisted of land snails which were identified by Dr. Paul 
Bartscli as Eelicma fasciaia Lamarck. Coleoptera formed 7 per 
cent, and other insects 3 per cent. 

Specimens of Cj\ pavida from Saba and Montserrat in my collec- 
tion are much more rufescent above, and to some extent below, than 
C.f. ienehrosa from St. Yineent. 

Two males from Saba measure: Wing 101.4-103 (102.2)* tail 
84-87.1 (85.5); culmen from base 34.9-38.5 (36.7)- tarsus 29. 2-^29. 4 
(29.3). One female measures, wing 99.8; tail 88.3; culmen from 
base (broken, but it is over 40) ; tarsus 30.8 millimeters. 

An adult male collected in Island Gut on January 28, 1937 had 
the iris bright orange yellow; bill black; legs and feet yellowish 
brown, the soles tinged with yellow, and the claws grayish brown. 

Mmgarops ftiscattis fuscat^m (Yieiilot) 

Pearly-eyed Thrasher 
Thrush 

This is undoubtedly the most common bird on Saba, frequenting 
all wooded and brushy regions, from which it calls with great peir- 
'sistency. ■ ■ ' . . ■ 

Pour specimens were collected, three at Spring Bay and one 
on the top of the Mountain. These appear to I'epresent typical 
cMhis, but the races of this species are very poorly marked, maMiig 
identification of specimens from islands near where the ranges of 
fi(-soatus^ and dens^rosU^is meet at times somewhat problematical. 

The four stomachs contained an AnoUs Imard, 6.2% • lepidopterous 
larvae 10% ; insects 1.3%; berries 45%; drupes 16.2%,; hard, round 
black seeds 21.3%. 
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Allenia ftisca (P.L.S. Miiller) 

Scaly -breasted Thrasher 
Thrush ; Black-billed Thrush 

Six were observed on a Avooded hillside near Windwardside known 
as ^^The LeveP’ (due to its top being so much flatter than most 
of the land on this rugged island), and one at Spring Ba3u At the 
former locality two males were collected on February 1. The iris 
of one of these was bright jmllow; its bill black; its legs and feet 
dusker slate, claws dusky, soles yellow. One stomach contained 
berries and the other drupes. 

Vireo calidris oalidris (Linnaeus) 

Jamaican Vireo 

Ridgway (IJ.S.N.M. Bull. 50, III, 1904, p. 138) refers a female® 
Vireo from Saba to this form. As this species is usually either a 
migrant or summer resident in the West Indies, none were found 
at the time of our visit. 

Coereba bartholemica (Sparrmann) 

ISt. Barts Honey Creeper 
Yellow-breast 

Common, but not so abundant as honey creepers in most islands. 
Two males were collected. Both have considerable white in the 
frontal region. They measure : wing 61.3-61.8 (61.65) ; tail 40.4-42; 
(41,2); eulmen from base 16.5-17.7 (17.1); tarsus 17.8-17.8 milli- 
meters. Their stomachs contained insects 50 per cent (small Coleop- 
tera 25 per cent) ; and small seeds (mostly soft), 50 per cent. One 
stomach contained a large piece of gravel and several fine grains of 
Sand, very remarkable to find in This typical, diminutive, weak Coere- 
hine stomach. 

Compsothlypis amerioana pmiMa (Wilson) 

Northern Parula Warbler 

A male was collected at Spring Bay on January 27. Pfeviously 
recorded; by Bond. , 

Bendroica discolor discolor (Vieillot) 

Northern Prairie Warbler 

Two were . observed, and a female collected, at Spring Bay on 
January 26. Another was seen'' '.on January 28. Not previously 
recorded from the island. 
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Seiophaga ruMcllla (Linnaeus) 

American Redstart 

An apparent female was collected at Spring Bay on January 28 » 
Its stoiiiacli eoiitaiiied a motli, Coleoptera, and other insects. Not 
previously recorded from the island. 

Tanagru favifronsflcm^^^ (Sparrmann) 

Green Eiiphonia 

On Pebniary 1 a pair was observed in Spring Bay Gut. 
kept so continually on the move on the densely wooded preci 
ravine sides, usually managing to keep on the opposite wall ' 
ravine to their pursuer, that it proved impossible to collect 
This constitutes a new record for the island. 


Tiam bicolor omma Jardine 
Oarib Grassquit 

Tobacco Seed I tail 

Common at Spring Bay, Windwardside, and the lower parts ^-29.4 
the mountain. The stomachs of a pair collected contained sm 
seeds with the addition of sand for grinding purposes. 

Loxigilla^ noetis coryi (Bidgway) 

St. Eustatius Bullfinch 
Robin 

Common at the top of . the Mountain rare on the rest of the 
island, where observed on a few oceasionis at Spring Bay and 
Windwardside. Pour adult males, an immature male, and an imma- 
ture CC female were collected. Tliese agree well with specimens , , 
of coryi from other localities. Their =• measurements are as follows: ■ 
4 adult males, wing 68 . 1 - 69.6 ( 69 .) ; tail 51.2-53 (52.3) ; culinan 
from base 15,6-16.2 (15,9) ; .Jarsus 19-20.2 ' (19.65), 1 iminatiire , C 
male, wing 63 , 9 ; tail 45.6; ciilmen from base 16; tarsus 19.1; 1 
immature! female, wing 57,2; culmen from base 16 ; tarsus 18.5 
millimeters. 

Five stomachs examined contained seeds 80 per cent, and ber- 
ries 20 per cent, and all had sand or gravel in addition for grinding 
purp'Oses*. 
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